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Abstract of t he invention 



The invention comemplates a composition containing a multfspecific Ugsnd conialning at least a first 
Hgand binding moiety and a second Ugand binding moiety. The first lipnd binding moiety specifically 
bind* with a pre-selcoted first affinity to at least a first Ugand. The first Ugand has a first biodisnibution. 
The second Hgand binding moiety specifically binds with a pxe-selected affinity to at least a second ligandL 
The second Ugand has a second biodishibution. The affinity of first and second Hgand bindins moieties are 
selected to bias the biodistribotion of the multispeciflc Ugand in fitvour of a selected location of one or both 
of the ligands. 
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Field of The Invention 



The present Invention relates to mnltispecific ligands, mr example a heteiofunctional tigand comprising at 
least first and second binding moieties which have cooperating functional affinities including a 
multispecifi c ligand, for example, a bfepecific antibody, having at least a first portion which binds 10 a 
'lymphatic vessel associated 1 antigen/receptor and a second portion having at least one lminiine-aflfectmg 
functionality including, without limitation, functions elated to antigen presentation, immune signaling. 



suppression or enhancement of immune tolerance or Immune stimulation, or binding to a target molecule, 
for example a cell surface antigen, receptor etc. 

Background fifth* InycwrtAn 

Immunotherapy has gained wide acceptance as a promising measure to address several disease states 
including autoimmune disease, transplant rejection, infectious disease and cancer. Despite rapid arid 
exciting progress in approaches to treatment, the disease burden attributable to such illnesses has not 
significantly abated. The complex nature of the normal nut pathologic immunologic processes associated 
with such diseases, coupled with logistical problems in evaluating and implementing methods tor 
immunotherapy in human subjects, continue to be some of me obstacles to successful advances in 
treatment. 

Successfiil approaches to inununo±crapy are predicated on the ability of the hnmunomerapeutie molecule 
to ba delivered in a therapeutic, sub-toxic dose at the desired therapeutic frequency. In the process of 
selection of a suitable therapeutic molecule, it Is recognized that sub-toxic doses may be tosufficfent for the 
desired therapeutic effect, especially where the antibody binds incidentally to cell populations other than 
the target population. In the case of an injectable preparation and especially an Intravenous mode of 
delivery, in contrast to readily sclf-adxninistered modes of delivery, the optimal dosing fiequency for 
therapeutic purposes could impose an undesirable burden on the patient and care-giver, assuming that such 
optima] firequency is to begin with deemed convenient for clinical trials. 

Numerous research efforts axe underway to identify and test ligands including antibodies, biologic effector 
Uganda (e.&i c^ytokmcs chetMkines, growth factors colony stimulating factors) receptor aaonists 
oramagonlsts etc which wfflbmd to or otherwise interact with or trigger resptmses in or towards target 
entities, including pathogenic organisms, tissue specific celia.dJseased cells, Immune cells etc. A recant 
example is a renewed interest to find molecules and methods of triggering an interaction with CD45 f see 

^T 9 !^^^^ Y^ 409 ?' M9 ' 3S *>' EvaIuatm e biological effect of interactions with such 
target Uganda Is often obfuscated and retarded by the Wodu^ution of such ligands on cells other than the 
target population which results in undesired and/or confusing plelotropic effects. 
The present invention facilitates scientific assessment development, role evaluation, therapeutic 
evaluation, and delivery, particularly targeted delivery of molecules thai exert biologic functions and 
p™£mlarry ™ cnune wlatedfunctionB. In particular, the targeting agents and methods which are the subject 
Of the Invention herein fecflifete scientific evaJiiarinn of the biological effects of a more targeted 
biodistribution of such targeting agents, by limiting undesired or confusing side effect* Tn preferred aspects 
the invention contemplates compositions of matter and methods of delivery, in tome cases using ligands 
that but for the targeting methods herein defined would ba ineffective or have a broader effect than Is 
desirable; or similarly, but tor the severity of the disease or the absence of other therapeutic alternatives tor 
which such ligands are useful, they would otherwise be inappropriate for therapeutic use. The present 
mvenhon acoommodotes evaluation of the biological role and/or effects of soch Ifeands for therapeutic or 
other scientific purposes using such targeting strategies. In particular, the present invention provides a 
vehicle to prefBrentiany target, on a sub-population of cells for which there is a cell-associated marker, a 
receptor or receptor Ugand which is present on a more heterogeneous population of cells. 
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Summary of The Invention 



The invention contemplates a composition containing a multispeci&c ligand containing at least a first 
IJgand binding moiety and a second ligand binding moiety. The first ligand binding moiety specifically 
bfads with j* pie-selected first affinity to at least a first ligand The first ligand has a first biodlstr ibutian. 
The second ligand binding moiety specifically binds with a preselected affinity to at least a second Uganda 
The second ligand has a second biodistributioo. The affinity of first and second Ugand binding moieties are 
selected to bias the biodistribution of the muttispecrnc ligand in favour of aselected location of one or both 
of the ligands. 

TTie tovenuon contemplates a composition containing a jmiltfapecffic ligand. The mnltlspeciflc ligand 
contains at least a first ligand binding moiety and a second Ugand binding moiety. The first ligand binding 
^S^SS^Xi to 2 » rSt I ^ an l havin fi a first biodirtribution. The second Ugand binding moiety 
specifically binds to a second ligand having a second biwHstriburion. The second biodistribub'on is 
different from that of the first biodbrrmution, and the affinity of tho first and second ligand bindina 
moietiesto t^ir respective ligands are different and selected to bias the blodistnbution of the mulSspecific 
ligand towards the first or second biodwtribution. *muiu B pccmc 

The invention contemplates further, a composition cordammg a mumspecific ligand. The multispecifie 
hgand contains a first Ugand binding moiety and a second ligand binding moiety. Tho first beand bindine 
moiety specifically binds whh a pro-selected first affinity to a first ligand. The first ligand hasafirst 
biodistribation. The second Ugand binding moiety specifically binds with a pre-selected affinity to a 
second U&andThe second ligand has a second biodistribution. In this embodiment of the multbpecifio 
Sspecmc^and ****** lig ^ b ' md ™ s raoiem3S m to bias the biodistribution of the 

^^^^^T?^^ f, ^"iff 5011 ««rtfintog a multispecific ligand. Themutdspecific 
Ug^ specifically binds to a target ligand. The target Ugand is specific to a selected sub-population of a 
^SJ^^LS^KP^^??- I th cm > odimcilt of the multispecific ligand contains a first ligand binding 
moiety and a second bpnd binding moiety. The first ligand binding moiety specifically Mods to a c5n5» 

e3!22^ 

^odiment, die first ligand btodlng moiety has an affinity tor the subiiopidarion associated Ugand higher 
than the affinity of the second ligand binding moiety tor the target ligand. 

The invention i former contemplates a composition containing a bispecific ligand ccmtaining a first Ugand 
S^S? 1 W ^ to afirsttargat ligand and the second ligand bmds ™ a^cond 

target Ugand. m this embodiment of the bispeciflc ligand, the affinity of the first Hgand is select to 
enable bmdmg to the first target Ugand Independently of the ability of the second ligand to bind to the 

probability of lis binding to the second target ligand without the first ugand binding first or substantially 
contemporaneously to the first target ligand. ^ suDsranuairy 

Re invention further contomplatca a compaction c^mnimng a bi&pecific antibody containing a first 
^^ 3 ^^!^!Sr d component The first antibody component bindsta a first target 

ligand and the second anybody component binds to a second target ligand. In this embodiment the afrmfty 

the first target hgand kdependcntly of tie ability of the second antibody component to bind to the second 
target bgand. The avidity or affinity or both the affinity and avidity of the second ligand are selected to 

t^T^Inl^ ^ ***** to the second target ligand wimout to fi^t Sd Wnding 

first or substantially comernporaneousry to the first target ligand. 5 U, " U *«B 

The ^cntionfin^er comemplates a multispecific ligand containing a first moiety and a second moiety. 
Tto first moiety bimfcl to > a first target ligand. Tbe second moiety bmds to a second target ligand. Tn7 

t^tI^Z°Z^\^ IPP T? "fjf mo ^« moiety are selected to enable to first moiety 
to bind to the tot target hgand inriependemry of me abflity of the second moiety to bind to the second 
SSl fS* aV ? dity 6 / or botfa affinity and avidity of the second moiety are selected to 

or substantially contemporaneously, binding to the first target ligand. 
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The bvcndoa further contemplates a mum'specific l^nnd containing a first moiety end a secon* moiety 
The first moiety bind* to a first target Hgand. The second moicry binds to a second target Hgand. Hie 
affinity or avidity or both the affinity and avidity oftho first moiety are selected to enable tne first moiety 
to bmd to the first target ligand independently ofthe ability oftho second moiety to hind to the second 
target ligand. The avidity or affinity or both the affinity and avidity ofthe second moiety are selected to 
substantially reduce me probability of either moiety binding for a sufficient duration or series of durations 
to its respective target ligand to accomplish a therapeutic Auction without the other moiety* first or 
substantially contemporaneously, binding to its respective target ligand. 

The invention further contemplates a composition containing a multispcoifio ligand containing a first 
moiety and a second moiety. The first moiety binds to a first target llgami The second moiety binds to a 
second target Ugand. The affinity or avidity or bom the affinity and avidity ofthe first moiety are selected 
to enable the first moiety to bmd to the first target ligand independently ofthe ability ofthe second moiety 
tobindtomesecondtarcetligand. The avidity or affinity or both the affinity and avidity of the second 
moiety «e selected to enable the second moiety to bind to the second entity in preference to the first moiety 
mmiing to tne first entity when both first and second molotles are substantially comeniporanetnisly bound 
to the respective first and second entities. * 

The m vention contemplates a composition containing a mulu'spccirtc ligand contaming a first moiety, a 
second mmcfy and a third ligand binding moiety. The first moiety binds to a first target ligand and the 
second moiety binds to a second target ligand tonMsemrjodimem, the affiiih>» avidity w be* the 
afrniltyand avidity ofthe first moiety are selected to enable the first moiety to bind to the first target Ugand 
inpietoence to the iccond moiety binding to me second entity when both first and second moieties are 
substantially contemporaneous^ bound to the respective first and second entities, and the avidity or affinity 
ot both the affinity and avidity ofthe second moiety are selected to enable the mird target Ugand to bind to 
the second entity m preference to tfaa second moiety binding to the second entity when boflnhethlrd tartlet 
ligand and me second moiety are substantially contemporaneously bound to the second entity. 

The invention further contemplates a composition containing an antibody which specifically binds to an 
epitope on a ligand. Tneligand recognized by the antibody exerts a bioi ogle effect by eroding to a target 
"*^» t yyg"»j- ™ e epitope bound by theamibwry is proximal to the bmdmg site ofthe ligaiid fin- 
ite tar^U^^ *° D,ndin * ofthe »ntibo*r reduces but does not prevem the affinity of the ligand for 

^inven^pn fintor contcmpktcs a composition containing a mulu'spacific Hgand containing a first Uaand 
TS*!??^, md romety. The first hgand binding moiety specifically WntbtoTrwrnmatic^ 

endothelial ceU associated marker. The second moiety contains an independent therapeutic function. 

The invention further contemplates a composition contammg an immunocytokine containing an antf. 
Idiotypic antibody component and a cytokine component The anittdiorypic antibody cornnoneat 
recognizes toe paratope of an antibody which binds to a lymphatic vessel associated ligandT 

J^ w ^j^^ cojmanpmtes a composition containing a bi*p«eific antibody containing an ami- 

idiotypicarnibody recognizes the paratope of an antibody which binds specifically to a lymphatic vessel 
associated hgand. 

The Invention additionally contemplates physiologically acceptable compositions ofthe 
~*t by the invention. 



The Invention likewise contemplates methods of use ofthe compositions encompassed by toe invention. 

A c o^osMon comprising a muWspecrfic Hgand conmrising at least a first Ugjmd binding moiety which 
specifically bmds to a first ligand having a first bio distribution and a second U^bmo^ which 
speoJficaJly bmds to a second ligand having a second biodistnbution different from that of toe first ligand, 
and wterem the affinity of toe first and second ligand binding moieties are different and selected to bias the 
bioolstrlbuuon of the muttispecific ligand. 
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As exemplified above, the dual "affinity" based targeting strategy ofthe invention, may be understood in 
one aspect, fel terms of a strategic allocation ofthe respective affinity properties ofthe multtspaciffc ligand 
to at least one 'Targeting' function and at least one "effector" function Accordingly, with respect to some 
embodiments ofthe invention* the term "multiflinctionel" Ugand is used interchangeably. 

Thus according to one preferred embodiment, at least one ofthe iigand binding moieties is a "targeting" 
arm in t he sen se mat It at least preferentially recognizes a marker that is associated with one or more 
specific target entities eg. cell populations, and the other Ugand binding moiety is an "effector" arm which 
binds with relatively less affinity or functional affinity to a target Ugand which has a more diverse 
biodistribution. la mis case, tike biodistributwn ofthe mnraspecific Iigand is biased m favour ofthe 
location(s) of both Uganda relative to the locations) of me target ligaad so as 10 limit the big distribution 10 
non-target entities. 

Such binding or recognition is understood throughout to be specific, m contrast to non-specific binding. 

The term "effector is used to refer to the ability to effect a biological consequence through binding, for 
example effecting a signal transduction event by activating a receptor, or blocking the target Ugand from 
associating with a complementary Iigand, for example blocking a receptor from associating with a 
complementary Ugand (eg. its natural hgand) and thereby, for example, preventing a signal transduction, or 
for example m the case of a decoy receptor pxeventing the biological consequence (eg. protective effect) 
associated with the function of such receptor, or blocking a hgand from associating with a crnxmlemairiary 
hgand eg. receptor on another entity eg. a cancer cell, infectious agent or immune cell. 



recognizing bom Uganda on the same entity eg cell, and may be accomplished by such contemporanous 
recognition occurring on adjacent entities or by increasing the propensity ofthe nxnhispecrlo Ugand to 
locate in proximity to a target entity to vlrnm of the relatively 
may itself be an effector , 

Inanomer embodiment, the biological consequence accomplished by the effector arm is at least minimally 
retargeting, for example wherein the lesser affinity or functional affinity of me first binding moiety Is 
selected *° permit the muWipeciflc Iigand to preferentially bind to an t^Jicent enthy, for example, a 
cfrculatmg «rt*ty which circulates in proximity to a lymphatic endothelial cell to which the rrndtitunctional 
hgand is bound with lesser affinity. Again, the relatively high affinity first binding moiety may itself be an 
erreclar. 

In mother embodiment the biological consequence accomplished by the effector arm is minimally 
cooperative targeting, tor example where the m'odistributions of at least one of me first and second Uganda 
extends to a diverse population of cells other than target cell population and where binding is only possible 
or consequential If both Uganda are available for coiiumporaneous binding, in thi, case due to the affinities 
ofthe first and second iigand binding being individually Insufficient for effective targeting (eg. insufficient 
tor other man ephemeral binding). Tn the context of tins embodiment of (he invention, the "cooperative 
targeting" is not simply ameliorated by the effector arm, it is predicated and reliant on mis arm. One or both 
ugand binding moieties may exert additional effector properties. 

It will also be appreciated mat any multispecific iigand of me invention or any component thereof may be 
fused or conjugated to a separate effector as exemplified below* tooludlng toxins* cytokines, adhesion 
molecules etc 

The Iigand binding moiety is preferably an antibody or a sequence or sequences of amino acids ete.which 
arc the natural hgand for the target Iigand, for example where the iigand is a cytokine or hymphoklne 
receptor, such as IL-2 receptor, the Iigand binding moiety may comprise a sequence of amino acids which 
is IL-2. The Ugand binding moiety may also be a mutated or a newly developed form ofthe natural Iigand 
(eg. developed through combinatorial libraries) or a natural or synthetic chemical Ugand (developed 
through combinatorial chemistry). 
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In one aspect, fho invention contemplates a composition containing a muMspecific ligand containing at 
least a first Ugand binding moiety and a second ligand binding moiety, the first Ugand bfadmft moiety 
specifically binding with a pre-fieleaed to affinity to at least a first ligand, baying a first btodlstiibutian 
and the second Ugand binding moiety spamfically binding with a pre-salected affinity to at least a second 
ligand with a second biodiatrthution and wherein the affinity of first and second Ugand binding moieties are 
selected to bias the biological site of biologic activity of the multispeeific ligand; and wherein the first 
hgand binding moiftty preferably binds with high affinity (preferably nanamolar affinity or greater) to a 
specific cell associated marker (e.g. a CD marker, a marker associated with diseased cell*, a a marker 
«f ™^ C °-!L 8 ' m !i^ CTla f phys j 0, ?8 ical (e.g. activated T cells, B cells) etc (such markers may bo 
associated with a particular class of cell era subclass thereof (if appUoable) or particular subpopulatian 
wiriurv the subclass (If applicable), however classified, such as epithelial cells, endothelial cellsTimmirae 
CCDs Qyrophocytes, memory cells, effector cells) mc«otg*es,Tcefls (CD4+, CD8+ CD45R0+Y 
hepatocytes, stem cells, crc.(expand) rod wherein said second Ugand binding binding moiety binds with 
relatively low, or medium affinity (preferably o.i micromotor or less) to a receptor (eg. chemokine, growih 
factor, cytokine) Involved in ceU signaling or a decoy receptor, a cell sur&ce receptor ligand en. the Haand 
to suchi.jerto which efioots asignal or inhibits a signal (eg. CTLA4), a Ugand involved in cell adhesion, 
a iwptor or channel (ion channel) tor a molecule involved fa cen regulation or homeostasis etc 

Tha inveniipn contemplates that the difference in affinity will m most cases be an essential element in 

^"Sft 1 ********** mutospeclflc ligand to yield an acceptable or dashed safety profile and 
that the high affinity offhe first Ugand binding moiety for the ceU ass otiated marker will be optimized [for 
this purpose maofhr as tha safety profile of the mutti specific Ugand dictates maximizing its affinity 
charactoristlos. The invention also recognizes that choosing the relatively lower affinity of the second 
igand bmdmg moiety may assist in mis regard up to a point where its effectiveness to bind to the second 
Ugand is sightly cmnprimised. in this regard, the mvention also cor^h^mat fectors other man 

wwcerfaffliityof the first and second ligaud binding moieiies (and of course the avidity effect 
resnJtmg from having two Ugands on ihe target cell and only one on the non-target cell) may be taken into 
^V^^t^^S^ °* mnlnWec ligand, 



heeler ° f * U *° 1 *' m ^ wMch can be in various combinations, are described 



2^m^T*£** 1 ^5^^' in terms of its ceU surface density relative to call density of the 
second IlganATho number of first and second ligand can readily he assessed by radiolabonms^tudiesox 
^ZS^J?/™ T™*** mCthDdS ro,BtivB te a ^dard The selection of the cell XnTLin 
niis resrieot^depand on the function of the relatively low affinity binding moiety (whether it causes a 
signal tranMon (directly or InrUrecdy eg. through bmdmg to a receptor (wherekss en^te oTrelarive 
^fWmaybe warrantedXagonist antibodies ore weU known in the art ami mtlwls^^^^ 
TO6.34^US 1,302, US 5,635, 1 77. US 6,099,841 see also Cancer Res WllStM 
and can be mode according to routm^creening techniques, especially using arrtibodies capable of cross- 
Imkins receptor components (see references below) including antibodies in which the VHand VL are 
*n^hnsttm ^^^^^ tncHidc^iaUy to different receptor components), binding to adecoy te^p^Jbladuig to 
^^ > ^ ry J CCft L t0r transduction (directry cr^dfrectV, ofg. Wn^toa 

receptor, bmding to receptor ligand) and m the final analysis how many bmdmg events per cell are required 

•J^SZTZ?™^?^ ^° toglcal efftct ™» caa be ******* * vl *> Arou^wetl ^wn* 
assay methods established m the art tor measuring responses to externa] stimuli such as cytokines. 

t^!^:£^£* l(aX <» l Wri*utobB ftcta using various irnrnunostaming tecLqueTmcmding 
flow cytometry (eg. to measure apoptosis (e.g. annexin V binding assay) signal transduction (al usmc 
phosphospecific antibodies that detect phosphorylation of serlneftyrosme, LSlaffiS 

S^^ 0 ^^?^- 8 ° n * C **** ****** *« fa bfi 5« ^nred (see tor example Blosource Method 
Booklets athttP^vw.btoronre^ ^ 2 0O2 

Amcril^B^ of omeVv^U known 

wrample, some growth fectois, Iynrphokines or molecules/ions required for homeostasis are in more 
dchcato balance and can more easily disrupted. 1L-2 depletion will cause apoptosis of activated T ceils. 

F u V T™ 9 ^ ltm F S 50 bB . neCM58,y OT d «^fbr the cell specific markeTto 
approjdrnate (preferably ihe the number of ceU specific markers on the target ceU popularion is no less in 



5 



CA 02397169 2002-08-13 



number than 50% more preferably no less than 90% In number relative to the second ligand- as staled 
above, which wQI depend on What degree of causation or prevention of the signal in g/mtciactiop will cause 
the desired biologic effect) ox preferably out-number (by greater than 50%, preferably by greater that iwn 
(greater than two fold), preferably by greater that 200% (greater than 3 fold), by greater than 300% (greater 
than 4 fold)) the target ligand for the relatively tow affinity binding moiety especially, far example, iftha 
goal Is to block interaction of a receptor with a high affinity Ugand that exerts a biological effect In low 
concentration {eg. a cytokine). 

2) Furthermore, in the latter ease the affinity of (he first binding moiety will preferably be selected to 
approximate (preferably no less than one order ofrnagnmidc, more preferably no less than 5 fold less, more 
preferably no less three fold less, more preferably no less two fold less, more preferably no less one fold 

(1 00%) less), and will preferably equal or exceed the affinity of the natural ligand. 

3) Furthermore, the concentration (in virtue of the choice of administered dose) of the muitlspeciflc ligand 
in the target coll rnicroenvutmment may also be selected to exceed dial of the natural ligand (MTD 
pennittug). 

4) the choice of construct will maxftnto the steric blocking of the target (Jgo or F(ab*) 2 v» diabody). 
Furthermore, in some mammalian systems (eg. mice) the hinge region is natnralry longer and this effect can 
be mimicked for human antibodies through a hinge extension on the N-tenninal side of the hinge region 
using well known neutral linkers (gry4ser) or a repeat of all or a portion of the natural hinge sequence. This 
extension wUl also permit a greater span between first and second Uganda to be bridged. 

5) the choice of construct will include on Fc portion or partial 7c portion (eg. CH2 or mmttoay-CH3) or 
weighted Fc eg. by pegyMion (sue specific pegytatian is well known in the art) or IgQ subtype naturally 
having additional Fc domains (e.g. an IgE) (which Fc if It includes the CH3 is preferably mutated to 
preclude its binding and/or increase its half life as is known in the tut see USP 6\l21, 022) so as to 
maximize the shear effects on the multtepeclflc ligand which wilt be most consequential in the case of 
univalent binding in order to rahnmizo die duration of such binding (maxhnun shear force is also preferred 
where there is an excess in the total number of bioavailable targets of the second Ugand binding moiety 
relative to the total number of bioavailable targets of first ligand binding moiety (grecfitr number of cells 
and/or greater number of targets per cell and/or increased biosvajiaMty Of such targets eg. on normal cells 
relative to cancer cells). 



6) Optionally, the multispecific ligand will include a 3 rt binding moiety which binds to and neutralizes the 
natural Ugand fbr the receptor sought to be blocked. Such form its are well known in the art (see for 
example particularly Scnoonjans Retal. A new model for mtennedlate molecular weight recombinant 
bispeciflc and trbpeclflc antibodies by efficient heierodHraerintion of single chain variable domains 
through fusion to a Fab-chain. Bioxnol Eng. 2001 Jun; t7(6>. 193-202. Schoonjans R et al. Fab chains as an 
efficient hetcro dimerizatian scaffold for the production of recombinant bispeciflc and triapeeiftc antibody 
derhmtivesJr Immunol. 2000 Dec 15;165(i2):7050-7. Schoonjans R, et al. Efficient heterodlmerization of 
recombinant bi- end nispeoifxo antibodies. BioseparntiOD, 2000;9(3); 173-63 . sec also French RK. 
Production of bispeciflc and trispeeific F(ab)2 and F(ab)3 antibody derivatives. Methods Mol Biol. 
1 998;80; 12 1-34; US Patent Application No. 200200O4S87; Kortt AA, Dirnerio and trhnerio antibodies: 
high avidity soFvs for cancar targeting. Biomol Bug. 2001 Oct 1 5; 1 8(3) £3- 108). 



7) Optionally, two multispecific ligandi each omdmg to different ceU specific markers and each having a 
second ligand binding moiety which binds to the same second Ugand eg. a receptor, optionally to a different 
polypcptidc/cmnponent of me receptor, may ba employed to achieve the desired biologic effect One or 
bom may also be trispecrflo as discussed above. According to another embodiment the multupecifb ligand 
binds is used to protect a first target cell population in virtue of its high affinity first Ugand binding moiety 
flora die effects of a therapeutic entity which desirably binds to a second target ceU population via the 
second Ugand but also undesirably binds to the first target cell population. Therefore the second Ugand 
binding moiety can be used to selectively block the binding of the therapeutic entity e.g. an mterleukm, 
interferon, Immunotoxin, etc. to the first target ceU population in virtue of the relatively low affinity second 
ligand binding moiety. this ease, the multispecific ligand may also comprise a third Ugand binding 
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moiety which bind* to the therapeutic entity, particularly where the multf specific Hsand is first 
«taJ^t«d first optionally an anti-idiotic binding moic^ component whc^tht^^S c camprnK 
mantt^ ci^anonLSomo sample targe* are listed immediately below, while others are listed later 
Greater targeting using a iiifih affinity fast ligand binding moiety which binds to a cell associated or ' 
specific marker may he imparted to a variety of existing antibodies with suitably diminished affinity 
mcluding those marketed or m clinical trials or listed below which are the subject of the patent and 
scientific literature, including those listed in PharmaBusiness June 2002 No S I: 



Category 


Ifanettafial Itrranrl 

for tow affinity 
arm 

flotation of town 


Veu tocaupng ugaid for ugh 
aiOoityarm 


Mode of action 


Comments 


bfccfcaac 




" CD4T cells 


Growth deter blockade form 
specifically for CB4 T coll 
aubcet; J.o, selective 


11 ^2 required n> naive CD4 or CO* 
and memory CD4 T cell responses^ 
Binding of CD4 or CD8 would also 
block interaction with antigen 




1L-15 


" COBTwUi 


Growth ftcicr WoeJauJe for a" 
specifically tor CDS T call 
subset La setaaivv 
immunosuppression 


IL-15 needed tor memory CDS*T c 
responses 


Macfade 


(folnblc) 


Ctntc (monocyte/macrophage) 


Monocyia/macrophase 
chernokraas; e^. and- 


At time of percut&noous coronary 
bnorvemlon (PCI) to limit mstenosi 


Cell activation 
blocknda 


(soluble) 


or 

F^deetirt (thrombin activated 
endothelial paHc^ 


Prcvenr thrombin btedina to 
thrombin rceEptyi^ on 
tcufcocytcs or endothelial colts 

-_1 a_ . m jk _ 

ox en ootn filial gurfkee 


Hrthritfet 

Limit thrombosis and endothelial 

activation , e.a at lime ofPCT 




BBSg8 

(dambitio antigen 
WMcmlna; cells) 


^^feg 


Block interaction with CD2S; 
tnununoftuppieastpf) 


At time c* allografting to induce 
tolerance 


Inhibitory receptor 
activation 


P« gamma RH 
(Mast cells) 


(ManceHa) 


Enhance oisommJon d 
aenvntog and Inhibitory 

fCCCptoia. 


Rx of acme of allergic dieeaxe. 
Advantages over bispecrfic Fc tusio 
reagents bo 08 use of more specific ci 
lanjelins . See Zhu D cr aLNat Med 
2002Mayj8(5*5l&ai) 


jnmouocy receptor 

OIOCKBIM 


CTLA-4 


CDS 


Block CDBOraS Irttereetion 
vrJlh CTLA-4 


Enhance specifically CTL mediated 
anti-tumor responses wtdioot global 
coU activation. Aml-CTLA4 ahs am 
tfvsmpeurlo trials to enhance tumor 
immunity 




VCAM-l 
(asiivared 
endomellol cell) 


CD3i (eadethelUi oetisJcrE-' 
•ulee&n (octivarcd endoihdluni) 


Block VLA^4-depetiUcnLT 
edl and monocyte adhesion to 
VCAM-l on endothelial cells. 


Acute Rx of MS fiarc-up. Ans>VLv 
ism trial as RxmrMS. 


blockade 


ICAM-I 
(fictrVaiad 
endothelial ecu) 


CD3 1 (endothelial cells) or B- 
sclDctfn (activated cocotbeUum 


Blocirnctnrophll adhesion to 
activated 


Acute Rx to n^uce fcpcrtuslon inji 
(myocardial ItUarciion, bowel 
Iwhtmla/Sswrpery) 


Cell death lieand 
blockado 


CDWL(Pas-1i0and) 
(Tcell) 


co35(sctivBa;d Toons) 


Block activation induced cell 
death of T cells; enhance nriti- 
tonw lUuUumtY 


BOIA llSjftnds On same celt- CD05I. 
expressed on activated . not resting 1 
celts 


Protcd fircm 
another therapeutic: 
.e. iinmuncioxms 


IFN-Q 
(soluble) 


CD9I 


Block 3FK-D toxicity towards 
endothelial oeiu during IL^2 


Call selective block oflFNO effects 
nOI dear if 1HNO R or JFNO Is best 


Protect from 
mother therapeutic: 
he, Immunoicxita 


(endothelial ccfl) 


CD3! 

(endothelial cell) 


Block IFK-O toxicity towards 
endomoltal eclte during n.-2 


target. 

Both tfganas on same coll. Cdl 
sefedive block of IfND effeeta; net 
clear jfgrNU R OrffNO ta boa tog 


inrDblcory receptor 
blockade 


TGF-Q 


CD* or CDS 


Block immunosuppressive 
c®»oftomors: enhance 


TOF-Q mode ofUnmunosuppnsstoi 
not dew 


Cell type ipecMie 
activation 


CD3 


CD4SKO 

(mempiy/cflccwr T CfUs) 


ntvaJcot ab so CDJ can to 
cross-linked 


AflU-oimor Rx; seiccUvely enhance 
memory T cells; reduce nonspecific 
activation of Irrcrvcnt T ccOs 



7 



# 



CA 02397169 2002-08-13 





Functional Ugaad 
for low affinity 
mo 

flotation of NfloaA 


Ceil localising Koand Jbr blab 
affinity arm 


Mode of action 


Possible Uierepcottc uses 


OrowthfKior 
blockade 




CDS T cell* 


Growth ffctor WccJcafc for 
spwificaUy for CDI T«1I 

subsel;i.e. selective 


For Rx of enogreft rejection; T ceil 
subset sptci&suppressioii. wm Uivoit 
infectious complicationf or ursinlenctd ed 
Inhibition Of CE34 * refluIofcM-v T aelln 


ccuaoUvaHon 
blockade 


COSQ/86 
(denfirftie actigefl 

ggjffigaa — 


CDS3 (dewirilie oolla) 


Block InCawmm with COOS; 
inmsaontppiessiui 


At dm a of allografting to In ducc 
TOlerance. Targeting to dendritic cells 


Adhesion molecule 
bHxfiaOc 


(GCtivstcd 
endothelial cell) 


CD31 (endoihelul cells) crE- 
sclccrfn (activated mdothef lorn) 


Block VLAr4-dBpaBdmtT " 
coll Mid monocyte adhesion to 
VCAM-i on endothelial cells. 


Acuta Rx of N^&atwsv Aji*j-VJ_yV4 
islmrtalcBRxIbrMS. 


cdi SSlSuB 

blockade 


CD95L (Fu-ItgaDd) 

(Tooin 


CD25 (activated T cslls) 


Block activation induced coD 


Enhance onu-tumcx immun iiy 


Protect from 
another thcrapeado? 
I.e. tmmumxaxini 


1FN-OR 
(cndoHioIffl] cell) 


CD31 

(endothelial cell) 


CdlscfDcUvt! block of tpFTn""" 


Block IW-n ttaddjy towBrts 
endorhdllfti c*slU during dwsny 
for twnors without impairing other 
uaJnl IFM-n effects 


activation 


FcgBmmnRH 
(Man cells) 


PcepsflonKI 
(Merr ceils) 


Bnhanoo ewcc'ledon of 
uUvnung and inhibitory 
receptors. 


Rx of acuta e* allege diseaefc- 
Advantagw over biipcdfic Fc? fiision 
reagents faeoanse of mora finoclflo cell 
rargMJng . Sao Zhu D el id .Mm. Mud 
2002Mav:8f5V.S18>2i^ 



The invention also contemplates that FAS can be selectively Mocked on various different types of cells 
such as pancreas beta cells using markers such as GAJD65, XA^, IA2-B, ICA-12. Type 1 Diabetes is 
°T fl ^ zs l! Jy *? destruction of insulin producing Beta Cells In the pancreas. One method hi which Beta 
cells are destroyed is thought to be through npofrteoi* mediated by GD95 receptors on Beta cell*. CD-95 
E«ins to be irpregulated m Beta cells of those with Type 1 diabetes (see Aim NY Acad Scl 2002 Apr 958 
^ 3M: JrSf^!7JfL o1 2 S2} j ™^H1):15-S). Similarly, using Tg, TPO Uganda as cell associated 
markers CD95»TOADLR1, TRAILR2 can be blocked on thyroid cells. Hashimoto's Thyroiditis 0*1) is 
characterized by file destruction of thyroid hormone producing ceils and therefore hypothyroidism, It has 
been observed that some of this ceil desflractien is due to apoptosis. Hie CD95 receptor whichis 
responsible for apoptosis is up regulated in thyroids affected by HT. Blocking the CD95 receptor by the 
RL^may reduce the amount of apoptosis. The HAA can target either Tg or TPO which n'unfque to 
ttyroM tissue. There arc also 2 other receptors suspected to bo Involved vim apoptosis in thyroid cells: 
TRAJLRl and TRA1LR2 (sec Nat Rev Immunol 2002 Mar>2(3);195-204) 

Fas can also bo selectively activated on distinct nibses of dstase mediating immune cells associated with 
autoimmune and inflammatory disorders such as activated T cells, regulatory T cells, CD4+ cells CD8+ 
cells etc. " • 

Antibodies mat are directed to the ligands identified herein can be routinely generated by phage display 
and smnlm- display systems, tor example, bacterial or cellular display, ribosome display or mTmunfexn* 
m "™ rcals , Including transgenic mice, and by screening lymphocytes having such potential. Both the lieht 
and heavy chwns can be varied screened ftr their ability to bind to one or multiple components of a 
receptor simultaneously. 

The invention ; coniemplates max each of me first iigand binding moieties herein identified generally 
(whether by class, subclass, catalogue reference etc) mat are cell associated or specific can be combined in 
arypeimutations with each of the Uganda through which a biological effect is exerted by the relatively low 
affinity binding moiety, to assess the in vitro in vivo biological effects of biasing the distribution of the 
rriultr specific "SancI to the target population identified by me first Uganda as accomplished through the 
o^rect bsrrumeisiaUty of a relatively low afDnlry binding arm herein described, whether the effiset is 
directly or indirectly through binding a Iigand or one of Its biological correlative Uganda. 
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Antibodies to such Uganda ire taiown m the art and listed patents, scientific literature and in various 
commercial catalogues and on-line databases well known to those skilled in the art 



The term H assoeiateor In relation to markers that are dominsntly distributed on one or more particular 
entities Is used to mean exclusively expressed, primarily expressed, or over-expressed to advantage flora a 
targeting Standpoint, 

Tho term "receptor liganeT means a target ligand which is a ligand for a receptor, lor example, a receptor 
on a cell or infectious agent or a receptor which circulates mdepeudentiy of another entity. 

The term affinity is contrasted to functional affinity which may result from avidity. 

Theterm epitope though technically understood to be specific for e given antibody, is used in a preferred 
embodiments to refer to antigenic detemunaate that are situated proxirnally to one another so that two 
antibodies win be considered to bind to the same epitope if one competrvely inhibits the binding of the 
other through any probative competitive Inhibition experiment known to those skilled in me art 
The invention contemplates that two antibodies with the same epitope specificity may have substantially 
the same amino acid composition ie. with possible exception of one or more additions, deletions or 
substitutions mciuding conservative amino acid substitutions which do not substantially affect the 
specificity and amino acid composition of the paratope 



The tens approximately In the context of orders of magnitude variations In affinity refers a variability that 
Is up to a half an order or magnitude. 

Without limiting the scope of the claims it is generally understood that biadtstribinion of a muttispecific 
ligand in contrast to that of a Hgand will be predicated on the bioavailability of its target ligand. 

The term -overlap" and related lemu connote mat notwithstanding the difference in distributions of the 
first and second ligands the first and second ligand* are bioavnilabla for recognition on the same entity. 
This term and related terms, exemplified below, are intended to axdude a situation where both 1 irands ore 
preferentially expressed on substantially the same entity, for example two different tumor associated 
antigens associated differentially with a differentiated population of cells within a tumor , most particularly 
n \™ c ^° yhaiethey are mdMdualry suitable targets for delivery of a toxic payload. Thu sow terms 
different" m Tegard to biodistributiona and "heterogeneous" and "diverse" in reference to populations of 
entitles are similarly understood to exclude such a common distribution, in the appreciation that the 
invention prtbiariry represents an improved strategy <br targeting two different ligands, in which one ligand 
has a broader distribution titan the other or both have distributions max may overlap but are different from 
that of the target population. It will also be appreciated met the invention has particular application to a 
situation in which at least one of the non-target populations is one on which one of said first and second 
ligands Is substantially represented On contrast to one on which it simply enjoys limited expression). 

The term "receptor ligand" means a target ligand which Is a ligand for a receptor, for example, a receptor 
on a cell or infectious agent or a receptor which circulates mdependentry ofanother entity* 

The term "antigen binding fragment" refers to a polypeptide or a plurality of associated polypeptides 
comprising one or more portions of an antibody including at least one VH or VL. or a functional fragment 
thereof. 

A moiety that exerts a biologic function Is understood to be a "biologic effector" in die sense that its 
amended Infraction with an entity in the lyinphstic system or elsewhere in die organism has a biological 
consequence. 

The tern neutralizing in regard to an an immune function is used broadly to refer to any interposition, 
interference or impediment which affects the function of the target entity 
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The tanks nmdaiaring, mediating. neutralizing taction etc are no* intended to X* nwtully exclusive and 
5?.Ef? T bro ? dIy - {c * ***npte> wi^mn limiting the generality ofthe scope reorder herein or by those 
skWed in the art the term modulating preferably refers to effecting a changTand the term metoSiK 
profeBbly connotes an indirect eflfcet achieved through mo instrumentality of another entity for exam 
con, cytokine, chemokine etc. 7 -"^^t^w™ 



Tlte tem V^erentiaOy binds" recognizes that a given ligand binding moiety might have some non- 
defeating cross-reactivities. 

The tenn biologic ex&ctar hgands is used to refer to any ligand for which there is a complementary targe* 
hg^onatargetcnhtyaiu^ 

biologic effect For example the target Ugand is typically a receptor and the biologic effector ligand may t»« 
any complementary ligand such as a cytokine, chemokine, hormone, colony sthtiutating fHctor growth 
factor, receptor inhibitor, agenistor antagonist; which binds to the receptor with resulting biologic e£Ebcr_ 

The tenn ••pre-selected" m reference to the affinity of ligand binding moiety refers to any selection ox 
choice of differential or cooperative affinhies relative to a second ligand binding moiety which is generated 
as a result of a mental or physical process or bom, preferably through a process of prediction orpost-facro 
validation of the effects of the choice of the first and second affinities and/or more preferably throned* an 
empirical evaluation cf different choices for at least one of me first and second affinities, and preferably 

The term multi means at least two end the term ligand is used broadly to refer to any entity or part thereof 
which can participate in an mtermofccular interaction that can result in specific binding of suitable affinity 
for too interaction in question. " 

The term entity Includes without limitation any molecule including whhont limitation, antibodies, complex 
or association of molecules, drug*, drug carriers (eg. vesicles eg. liposomes, nanopardcles.ctcO or any cell 
as well as anym&ctioua agent Ox parasite (including without limitation, spores, viruses, baceria, ftoni ) as 
well as any other immune or therapeutic target ^ ^ u«i*a/« 

Tha tenn "low affinity" means an affinity of approximately (this term is defined herein) 1 0 * molar to 
mlcromolar af&iny. preferably (subject to safety considerations), approodmaieiy, 10° molar affinity, more 
ortferably (subject to safely considerations), approximately nucromolar affinity, the term "medium 
afiinny*' means approximate^ 1 £T 7 to nanomolar affinity, preferably approximately 10 8 molar affinity 
more preferably approximately nanomolar affinity, and the tenn "high affinity" means approximately io l ° 
affinity or greater. TTiiii is one embodiment the invention contemplates that the rmiMspeciflc brand 
comprises a "torget-Ilgand" binding moiety which binds with low or medium affinity to atanRrtlkand 
present on adverse population of cells (preferably this moiety is an effector moiety ia one whicfc Teocerts a 
biological effect attributable to its binding eg. blocking or activating a receptor or blocking a cell 
membrane channel) and a -Hargeting", ligand binding moiety, which binds with medium or high affinity to 
a ligand associated with a sub-population of those cells so as to bias the biodisuibuuon of the 
multininotional ligand in fevor of said sub-population. Preferably the multispecific ligand is adapted to be 
bound contemporaneously to the same cell. In another embodiment the first and second ligands binding 
moieties each bind to Hgands present on diverse overlapping populations of entitles eg. cells ( ie. nattner 
hgand being preferentially associated with a target cell population) and are adapted to be bound 
contemporaneouary and to both bind individually with low affinity, so as to bias the ofctrfbutlcn of tke 

mulUspecific ligand to the population of cells bearing both ligands. 

M disc ussed e lsewhere the term Br^roxiroatBly, in reference to "order of magnitude" increments in 
affinity, refers to up to a half order of magnitude in affinity. 

According to another embodiment, the Invention is directed to an antibody termed a "coy body**, a 
"coyhody" ia an antibody in which the on-ratc contribution to affinity of fee antibody is tmjportSonally less 
than the off-rate contribution relative to a reference antibody offlie seme spsoifjeity and a greater afEniry 
of up to several orders of magnitude, preferably a reference antibody of approximately one to three orders 
ofmagalTude greater affinity, preferably a reference entfeooy of medium afrmity or preferably high 
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affinity. As discussed above the reference antibody preferably comprises cooperating Hgbt and heavy 
variable regions la which at least at least one of foe CDRs of at least one of the chains, preferably at least 
the CDR3, preferably that of the heavy chain, 1b exclusively or primarily responsible for the blading 
affinity of the eoybody preferably in conjunction wife the contribution of at least one of the CDRs of the 
other chain, such that alterations in the length and or amino acid compositions of one or more other non- 
eoniributlng CDRs can be leveraged to diminish the oo-rete, for example due to eterlc and/or electrostatic 
hindrance. Tn one embodiment the on-rate Is reduced fay a factor of 2 to 1 00x. In one embodiment the 
eoybody binds to a Ugand which is over-expressed on a target population of entities (et cells) relative to a 
non-target population of entities such that the oiodistribution of the eoybody to the non-target population 
(and target population) is diminished in a given increment of rime following administration. Tins targeting 
strategy is understandably adapted to situations where the resulting delay in biodistri buiion is preferable for 
diminished toxicity attributable to reduced Don-target entity binding in a given unit of tunc especially 
where the effectiveness threshold in that same amount of thee is not significantly if at al! compromised Qr 
is preferable due to a sustained release efiect (for example using a larger antibody format that is not readily 
cleared) A* discussed below, advantages accrue particularly when this antibody is coupled to a higher 
affinity antibody (in the form of a multifunctional Ugand) which binds to a different Ligand associated with 
the target population. The invention contemplates that coybodias have multiple independent applications, 
including tempering the effects through antibody mediated neutralization of an overproduction or sensivity 
to biologic effector Uganda (eg. cytokines eg. TNFji^ chemokinea eg. IL-16 (crohns disease) etc which 
are over-produced and/or mediate or aggravate eg. a chronic medical condition (which for example is not 
an acute phase) by binding to such Uganda* over a prolonged periods, preferably using larger antibody 
formats which are not readily cleared, especially where such tempering has side effects which are better 
spread over time and/or where effectiveness is net a limiting fectar end/or where a second therapeutic with 
different non-cumulative side-affects shares the therapeutic burden and/or where a the same antibody with 
a higher on-rate is used in combination. 

The term "antibody* is used broadly, unless the context dictates otherwise, to refer without limitation, to a 
whole antibody of any class or biologic origin, or chimeric combinations of antibody regions or domains 
(eg. ERa and CDRs) of drfierent origins or species eg. humanized, any combination of one or mow 
antibody fragments or recombinant reconstructions (scFva) of antibodies including tinners, diabodies, 
triabodies, a myriad of known bispecific» trispecific, tetraspacinc antibody formats or monovalent, divalent, 
irivalent, tetravalent-or other multivalent antibody formats (see for example review la Kriangkum J, et al. 
Bispecific and bifunctionni single chain rccombiiuuit antibodies. Blomol Eng 2001 Sep;! a (2)3 1-40 and 
others herein directly or otherwile referenced) or any fragment, portion, or reconstruction of one or more 
portions of an antibody (scFv) or any truncated form a Ugand binding entity, such antibody typically 
comprising at least a VH or VL portion or both or a functional portion of same (eg microbodies), including 
single domain antibodies, FCab'^Fab, Fab', Facb, Fc, etc. The term antibody also includes fusions of such 
on antibody so defined and ether functional moieties (eg. toxins, cytokines, chemokmes, Streptavidm, 
adhesion molecules), 

According to one aspect, the in ventiou is directed to a rnultispecitic ligand with at least two different 
bmdmg specificities for mfrerent target Uganda on the same target entity eg. a cell and which is preferably 
adapted to bind contemporaneously to (ie. there are no geometric or other constraints which preclude both 
moieties fiom functionally interacting with their respective target llgands at the same timc)tae different 
target Uganda, said multispecific ligand comprising a first target binding moiety which pie f CT enti ally(soroe 
cros9-reactivlry(s) does not preclude the utility of the invention) recognizes a first target Ugand and a 
second target binding moiety which preferentially recognizes a second target ligand, and wherein the ability 
of die second target binding moiety to bind to the second target Ugand Is diminished relative the ahUity of 
the first target binding moiety to bind to the first target ligand, the first target binding moiety having an 
ability to bind to the first target ligand winch is at least sufficient for the first target moiety to bind to the 
first target ligand independently of the second target binding moiety binding to the second target ligand and 
an off-rate (with respect to the first target ligand) which si least sufficiently exceeds the On-xate of the 
second target binding moiety for fixe second target ligand to at least provide opportunity for the second 
target moiety to bind the second target ligand when the first target binding moiety is bound to first target 
ligand, the second target binding moiety having a relatively diminished ability to bind and/or stay bound to 
the second target Ugand independently of foe binding of the first target binding moiety to the first target 
ligand (such thai a plurality of the multispecific Ugand wilt bind to a papulation of cells bearing both target 
Uganda in prffitrtnet to a population of ceils bearing only the second target Ugand (ie. at least in part due 
to the first target binding moiety assisting (in. providing opportunity) the second target binding moiety to 
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tL™™~ e ^^ 8M i!T d ? dp, !f to8bly «» whatcould be atartaically attributed to 

^r»«S.d^iffi^ Til^ Sl '? cIent « ""fr approxlmadBgnanomolar a^dty SSn 
Ottue second target binding moiety for the second target Hand will be selected ta im -..Ju.-T* 
effective binding events on the population of «Us o^^sS^^S^^ni^which 
I* TOefypreporWl to the number of bioavailnbto letcmdtarvet I^d^XSSoT^^ 
bearing only the second target ligandie. tbe u^t^popota^M^t^ J^^^^ 
ligands on the target population of cells). For example, &iS to ^^^n/X^lIf 8 . , 

number of bloavallable first end second target Uganda can be roughly estimated). TWs setec^ affln^ 
from in eHeotlvcncsa point of view, wIU then be assessed as to whcthVhT suffieje^^S^SK^ 

firatligand tending moiety bound Or having been bound to first tenet ligand. exanro^ wh^tha 

a l recB P to '-« mcasurabla eg. through hilbiticmof binding of mensural 
w^^*^. TT"^}' P*™** ^ith e^veblndS™ 

flint the deleterious effects of nan-target cell binding wfll vnr£ ar wSltadS™ S *bS.^»fK^. 
W "^l" 1 * *™<* °* *b targ^ tTopulBhCofcelh, ^eflS nnnlyX^ulXe al^nte^ 
afflnlw between the two blading affinities may well ho « l„,t, ^3^,lr^ S rV 

order of magnrtede (<5x> As discussed below, the invention contemplates thai Variants of adiml M^i^T 

bo * a high duougbput screen or sL« orKS w^f^to 

S& ££+52? m "™V**** properties, alluded to ahove such as ») ^nto^e 
wlS^, 6 •wsetpopuIstionrelKiveto a negative control; b) the ability t*«SZT» 
SvStota ^Sldhl^SSw*"* » Wpopstattoa relative to ..positive control. TObbMU* 
may also be assessed In a competition experiment of any probative type well-known to those sktlledtnlha 
art ic) ; the mablllty or diminished ability to mediate a biologic effeam anoM^SSSn^SSS 5 
negative and positive controls. Such diminished ability miry be also assessed t^uSSSSTJSS^ 

expressed to advantage on the target cell population and said S%SSStar 
non-target can-associated target ttgand which Is present on target celband eKtoSmSto a 

receptor .including « decoy receptor eg. toTwSFrb* muM^e StKylLtdWckor 
ertvatefte receptor prrmarily on the target population rf cells. In this co^ecSoo, T toSn ia 3™ 

°? C ^ 0dS of , e ^ aIufllin e « implementing the effects of this enhanced setertfcto^rflm Tranfnr 
on thetargetcea population and can be employed to diminish the adverse^eWne^CT^i^ 1 ^ 



The invention contemplates that a variety of different strategies that can be used alone nrinanvwm^rf 
c^rnpntibie permutations to ditfomntiate between «rg«^m«^iS^ KSSSSSJSS?' 
The choice of strategies, may depend at least In part on the clrcumsbmc^tadteX^nWinB fluid 
environment In question, including the rapidity sudprwsure of flow »n™SSSS 
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the method of delivery, the medical condition for which the molecule is being evaluated, whether the target 
is moving or stationary, or both, the location or various locations of the target, the targeting venue or 
venuca mat is/are most effective and the importance of the size of me molecule for reaching the t&rxct as 
wall as bioavailablility, and the Importance of creating immunoconjufiates and immunotmion* wim other 
molecules (Insofar as mis affects the size and distribution of weight hi the molecule). The Invention 
contemplates that employing more than one than one type of construct may be desirable and the invention 
Is therefore directed to the various combinations and pemmtation of constructs according to the ijweimon, 
in combination with each other and over therapeutic molecules or modalities. One of constructs 
contemplated by the invention, is a nuduspecific antibody, for example a blspeeiflc antibody having a 
configuration which allows for binding to two antigens on the same cell, for example a traditional four 
chain immunoglobulin configuration having a hinge region (including FCab'fe minibodies etc.), a diabody 
configuration (depending on the relative positions of the target Kgands) and others herein referenced and 
known to those skilled in the art. It will also be appreciated that the mode of action of the nuUtiruncstioaal 
llgand may be cont> United to by fusing or conjugating the muldfonctional ligand to another functional 
moiety, for example, as described in the literature referenced below. These supplementary strategies are set 
forth below; 

Additional Strategies For Modi tying Targeting Capabilities 

According to one embodiment; die intrinsic affinity of the first target binding moiety for the tint target is 
greater than me intrinsic affinity of the second taiga binding moiety for the second target. The term 
( Hntrffiaio n affinity connotes e measure of the affinity of a given target binding moiety for its target Ugand 
which Is independent of the affinity of me at least one other target binding moiety for its target ligand and 
as used herein could theoretically be evaluated In me context of the muliispeciflc Ugand as a whole. If the 
other target binding moiety had an Irrelevant specificity and therefore could not bind to Its target Ugand. 
The invention contemplates that at least approximately one. two, three, four, five, six, seven or eight orders 
of magnitude differences in "intrinsic affinity' 1 may bo required to accomplish the targeting objectives of 
the invention. 

According to another embodiment, the relative crwate* of the first target binding moiety is greater man the 
relative on-rate of the second target binding moiety. The term relative on rate is used to connote an 
effective difference In on-rate that may be mstrinslc to the individual target binding ligand or may 
attributable to its configuration or relationship vis-a-vis other parts of the molecule. 

Where me intrinsic on-rate 1 of the first target binding moiety is greater than the intrinsic on-rare of the 
second target binding moiety, the invention contemplates mat the off-rate contribution to the affinity of the 
second target binding moiety may be proportionally greater man the off-rate contribution to the affinity of 
the first target blading moiety. The invention contemplates that the binding of the second target ligand 
binding moiety to its target ligand may be mora effective if its lower affinity is attributable tn part due its 
reduced on-rate. The invention contemplates methods for reducing the affinity a target binding moiety by 
reducing its on rate for example by mutating or adding amino acid residues m regions of die VH or VL that 
don't directly contribute to the off-rate (of a relatively high affinity binder for the target, for example, as 
determined by modeling and stmetoral analysis, for example, by evaluating x-ray crystal structure and 
evaluating NMK data of the binding, or by mutagenesis, preferably by introducing a diversity of changes in 
a high-throughput manner (eg. phage display, ribsomo display«microarray or other expression library) 
including snbatmuiDns, additions and deletions within various regions of the VH or VL and determining 
their effect For examples the invention contemplates that the second target binding moiety is generated 
using a library characterized by members in which one of the regions of VH or VL, including particularly 
the CDH1 and CDR2, for example the COKi of me VH or CDR2 of the VL, is shortened and/or mutated in 
a manner to reduce the probability of its having any direct contribution ro the affinity of the selected 
molecule (through molecular Interaction), for example mutated to introduce amino acids that axe least 
important for intermolecular interactions, for example by mmimizmg the occurrence of amino acids that arc 
Important for electrostatic interactions and optionally also hydrogen binding, generating & binder whose 
affinity will be postulated to be independent of the contribution of the modified CDR, and then optionally 
evaluating the success of this latter step through farther mutagenesis (this step is most revealing if the CDR 
is shortened but not mutated or mutated to introduce amino acids Important for intermolecular interaction*) 

1 The actual on-rate if the on-rate was to be measured mdeptndcntiy of the on-rate of the other binding 
moiety 
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and then using the library to incrementally lengthen the region and/or introduce amino adds important for 
intennotecular interaction at a distance (eg. electrostatic interactions and optionally also hydrogen binding) 
to introduce minimal steric hindrance or Intermolecular repulsion. The invention also contemplates mat 
introducing amino acids that have the greatest potential for hydrogen bonding may introduce an aqueous 
cushion fata the interface region whh the target Hgand to diminish the on-rate contribution to affinity. The 
invention also contemplates modifying the amino acid composition of an existing binder by introducing or 
one or amino acids or mutotions into a framework region at a location which la pioxirnai to the binding 
region or a region which borders the Ittterfcce of approach to the binding region or any rater&ce between 
the target binding moiety and the target hgand. The invention contemplates that the cm-rate and off-rate can 
be routinely measured using various technologies (eg. Biacore) known to those skilled in the art, Including 
various techniques of measuring these rates m real-time* for example those that measure the deflection 
partem of an incident form of radiation (eg. Bloatte). In one embodiment of the method the antibodies each 
have unique preferably cleavabie peptide tags mar are generated for example through a random or partially 
random insertion of nucleotides into the DNA encoding the antibody and that serve to link them to their 
DN A eg a phage (as per techniques known to those skilled ardsans or published in the art) and me 
antibodies arc evaluated independently of a phage (eg. they may even be cleavable from the phage) or other 
expression system linkage which allows a more accurate measure of their true on rates and ofT-rates. The 
invention also contemplates that FR1 could be lengthened in a relatively high affinity second target binding 
moiety to reduce its on rate. The cleanable peptide could be a unique identifying GDR* 

hi another aspect the invention contemplates that the muldspecific Ugandmey comprise an Fc portion and a 
hinge portion and mat one or both of a) the length, ammo acid composition or* molecular weight (or 
various combinations of these interrelated meters) of the Fab or Fc portion; and b) the amino add 
composition (including length) of the hinge portion (eg. any polypeptide segment that provides means for 
linking two typically heavy chains, eg. through one or more disulfide bonds, leucine Tipper fbs<jun, 
optionally a flexible hinge typical of an lgGl or having one to several more disulfide bonds eg. IgQ3) arc 
selected to reduce the circumstautial(sbear rate, presence of degrading enzymes) affinity of the second 
Hgand binding moiety where the first ligand binding moiety is unbound relative to the circumstantial 
affinity of the second ligand binding moiety where the first ligand binding moiety is bound. The term 
circumstantial affinity broadly contemplates that the length and molecular weight of the Fc and the 
flexibility of the hinge region will individually and collectively contribute to the affinity of me molecule in 
proportion the shear rate of the fluid environment to a degree depending on whether the target is stationary 
or moving, once the mtdtlfpeetfle ligand Is bound. If bound via the second target binding moiety, any 
increase in the molecular weight especially a distribution of the molecular weight towards the Fc or first 
ligand binding moiety will serve as a lever in a moving fluid environment, to favor disengagement from 
binding especially since the off-rate of this binding arm is relatively tow to begin with. This same lever 
effect will impinge on the binding of the first Hgand binding moiety but to a lesser functional degree due to 
its higher affinity. To an extent depending on the context in which binding occurs, the invention also 
contemplates that the high affinity ligand binding moiety will draw the multi specific ligand from the 
circulation into a desired target tissue and mat the low affinity binding aim will then have greater 
opportunity to bind even if it does not bind simultaneously with the high affinity binding arm. Where the 
hmgc region is extra flexible or has several regions of flexibility (for example where the heavy chains are 
linked through several disulfide bonds with regions of flexiblie linker therebetween) the disengaging effect 
on the individual and paired binding of bom the first and second ligand binding moieties will be less 
Similarly, using a truncated Fc portion (CH3 deleted, F(ab') 3 or minibody format) will assist the first ligand 
binding moiety to remain bound or foster binding of the second ligand moiety and will assist the second 
ligand binding moiety to remain bound. This construct may be preferred from an effectiveness standpoint 
(getting both ligand bmdmg moieties bound), where me affinity of the second ligand binding moiety is low 
to begin with.On the other hand, decreasing the flexibility of the hinge region by alteration to its length 
ancVor amino acid composition and increasing the molecular weight distribution towards the "free" end of 
the Fc will aflfect all binding scenarios to a greater extent. The latter strategy may be less desirable where 
the Fab of the first ligand binding moiety is lengthened (eg. has a longer hinge region at the N-termluus Of 
the disulphide bond linking the heavy chains, than the low affinity binding arm) to increase its propensity 
for individual binding. For example, in a conventional four chain or heavy chain antibody (two heavy 
chains but no light chains) the hinge region could be lengthened or shortened on the amino terminus side 
of the disulfide bond linking the heavy chains to an extent that does interfere with the simultaneous binding 
to both the first and second target binding moieties. The invention also contemplates that the target cell 
environment, naturally or through intervention, is a fluid environment (low shear rate) or enzyme 
environment which will favor a greater impact on disengagement of me second ligand binding moiety, fn 
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the case of an enzyme, one which win cleave off an Fc Into which a cleavage she has been introduced 90 
that disengagement due to the lever effect will primarily impinge on binding of the second Ugand moiety to 
the can-target cell population (eg, low shear rate or pretence of MMP type enzymes in a targeted solid 
tumor environment). 

The Invention also contemplates that second ligand binding moiety may be selected In on environment in 
which there h a selective pressure (moderate fluid flow eg. using live cells or tissue, candidate Hgand 
binding molecules or pain of the target ligands on latex beads, where the substrate to which th ey ore bound 
Is on an Incline or otherwise subject to fluid flow (optionally with rigid or high moL weight FcX for 
simultaneous binding so that die affinity of the second ligand binding moiety is selected on the basis of its 
ability to augment the binding affinity of a first ligand binding moiety of preselected affinity for the first 
target ligand (after or optionally before its affinity -maturation, depending on the shear force and affinity In 
question) and thereby augment tee affinity Of the multispecifjc binding ligand as a whole, while the Ural 
ligand binding moiety is bound. In this way, the strength of die binding affinity of the second ligand may be 
predicated on the first ligand moiety being bound. The foregoing strategy may hove accentuated or at least 
equal application where the first ligand binding moiety his a longer Fab or for example where both the first 
and second ligand binding moiety are devoid of a light chain ie» where having the correct binding interface 
for die second target binding moiety might be more acute. The invention contemplates that die individual 
affinity of second Ugand binding moiety selected in the above manner would be tested to ensure that its 
individual affinity was not sufficient for substantial independent targeting. 

The invention also contemplates that engineering a suitable affinity antibody for solid tumor targeting in 
which the on-rate contribution to affinity is reduced (according to die strategy suggested above) may assist 
a dose of such antibody In achieving better rumor penetration. An antibody having a reduced on rate could 
be fused to a toxin such as a truncated version of PE or conjugated to a radionuclide, etc the reduced cu- 
rate contribution ensuring that the antibody will be less likely to bind at sites proximal to the point of entry 
to relieve congestion m that area and bet^ 

contemplates that the strategies deoribed above will better permit die affinity tp be more suitably 
apportioned between the annate and the off-rate. The invention contemplated that a higher On-rate lower 
off-race Ab could bo dclievercd in alternating days or other cycles of treatment Thus the invention is 
directed to an antibody conjugated or fused to a functional moiety, wherein the on-rate contribution to the 
affinity of the antibody is anywhere between 3x and two order of magnitudes less than typical molecules 
having suitable properties for tumor penetration through diffusion, for example molecules having anywhere 
Cany increments) between 10~ 7 and lfr w molar affinities (eg. 5x 10* 3x10*) preferably increments between 
10" 1 to 10T 10 (molecules where the on rate is normally approx. 10*) molar affinities, more preferably 
increments between 5x10"* and 5x10* 



Tt will be appreciated that the foregoing strategies could be employed for designing a multispeeittc ligand 
which will primarily target cells which have both the first and second target ligand (eg. where the ligands 
together are present primarily on the target cell population) even where neither target ligand is individually 
found primarily on the target cell population, by employing a muWspecific ligand in which neither target 
ligand Is of sufficient affinity in the circumstances to effectively (with effect) bind or remain bound without 
the other target Ugand being available for sumitmneous binding. As suggested above, it will bo appreciated 
that a relatively higher affinity hgand could initially be employed on one of the ligand binding arms to 
select a second ligand binding arm which improves the binding properties of the muhwpecific Ugand under 
a suitable biologically relevant shear stress and which is selected or later modified so that it is individually 
insufficient for targeting its target on non-target cells in die circumstances in whi ch ft w ill be employed, 
and that the high affinity ligand binding arm can subsequently ba reduced to moderate affinity with similar 
lack of Individual effect- In one embodiment, this construct can be employed to evaluate the effect of 

blocking two receptors on the same cell, for example chemoklne receptors eg. CCR7 and CXCR4 on a 
breast cancer cell. In one embodiment, die off-rate of one or optionally both ligand binding moities is 
sufficient in the cucinnstances to permit the moiety to remain bound tor a sufficient duration for tho other 
moiety to bind Ja, tt exceeds its effective or intrinsic on-rate- In one embodiment* both arms of such 
multlspeclflc Ugand, bind to their respective ligands with low affinity. In one embodiment, one such arm is 
a w coybody». 

In connection with the foregoing and ensuing strategies fc will also be appreciated feat the hm«e region may 
be lengthened on tho N-terminal side of the roost N-terminus linker between the heavy chains so as to 



15 



CA. 02397169 2002-08-13 



vmggmlm flexibility in the binding of different antigens rt different possible proximities to one 

^^fc^M *^ ^ cbains <*«» W» or whhout light chains and/or 
i^/^h^4i,T^ ^n (at>Jl ^WwUhoai light chains and/or CH1/CL dotSauaHiybe 
J^iTK^ tew ^ 2f "^.^ ^ "^"^ F= °r elongated hinge regions) through ^floxibla 
SSt^Ml w 38 ""l®* ^ Le ' in order*, of 

^i^Z^&^T^"? *" Hnk ! dhBBV >' **■ » Coli, for example, as inclusia^bnS^hfch 

tteSiSSSS^^tt P^^S ««SP«W of the invention, the invention also directed to a muMsnecifie 
hgand eompnimg n firat Ugand moiety which recognizes a first target llgand-ihat U over^xr^edZ^ 

^ T 1 * * w «M""^K Elating <^D onSots aSTt sad 

a second llgand binding moiety ton recognizes s target llgand sod wherein Sefiist ursaSii. 

*« * do* not 1** hself to fcc^T^Ulog^S 1 ^^ ^ 

The Ifivanrlon also comemplates thar a target llgand can be distributed in veriaiu mn^^. - 

parucularly for cancer therapies directed at buffering with the integrity of S^l^jSe 
delivering Biologic EfisctorLlgands To A Target Enthy 

realtor, and wherein the llgand, combined with the biologic effector li^fie^^ o^«Tn7. - 
relatively dimlnkhed ability to bind attd/or stay bound to Ic ^ceptoT Kcc^ttSd) 
^2^.;^Lf th ° biailins ofth8 *"* t»set binding mrictyTKst t^TS^ Ker affinity 
contemptates that the foregoing construct can bo used to deliver the biologic efibetor llgand monT 
f^^Wthe target cell population recognized by the first lipoid b m dtagmSE°otd Ugand 
SZrSf.T portion of n^nifepacifin l^of tho tavention sndthe hrvento 

contenplatesftat a library of second Ugand binding moieties, recognizing multiple different eK«r on 

SSlKSSEf 'r* 1 , 6 - "** ' "'i' 9 ™^ ofauch antibodies, and the Sc, offte 

1 ? C «*templa»s mat suitable antibodies could be generated by 

parudng (with an expression hbrary, eg. phage display, ribosome display, or other simuar dtentosvstams 

**" b J b *y * *f* * the biologic ef&cmr llgand independently of Its receptor. Agam, the afltafttai of the 
antibody coupled to the-blotogic effector Ugand for the terser receptor could be Sted. More^«uly 

^^X^T^TfJ" rf whiebrocognlze affdifftrem epitopes on a given 

Wotagto etfoctar ugand could bo generated and tested for then- ablUtyto accommodate btadinaofa 
b I 0 '°^ fI e ^: Ugand to a first but not a second in a related ^^7S could*, 
accomplished by screening tfa B array for one ormoreniembara ftatWd totnobiologlc effcctMligand 
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(BEL) white bound to it» receptor, and bating the identified member* for their ability to bind to the second 
SST: KSggffry to 2 din » aie Wotatfe eflector ligand onto an amy of those members pre-bonad with 
^ cktecting those BEL bound members tor those which do and do notbmdloOm^cOT?, 



n^^LrwZ^ I^ll^ T f^/^ptar, preferably by steric, charge or other inter- 
mol^larbindranra, attributable to the proximity of the antibody epitope on the BEL to the BEL's receptor 
balding site end optionally also me amino acid composition of the amibody at that interlace. SItce P Ior 

^™° M ^! Pto l™ flUJ i fl<W 25,* ****** » »P"rifi^'^ *r imrnunoaffmity column 
packed with one or more known packing materials to simulate How over a ligand coated substrate. 



The invention also contemplates an apparatus and method for testing ligand binding in a circulating fluid 
environment m which thomulSapeciBc ligands of me invention can fee tasted and wherefai a continous flow 
of Ugands, including target Uganda, Uganda of the invention and/or ligand bearing entities (eg. cells or 

fS£2£ r ' le ^S A>SK tIf bi ^ be «« usted to » «« size) to which one or types of Uganda have been 
affiwdiy associated accordingly to known methods) can be generated. The fluid contest unartooftha 
appa^stasa generally circular shape and is convex or otherwise capable of containing the fluid and 
mEreoypreteraWy permits fluid to flow mound the surface continuously. For example, this surface may be 
^^l?^!^™^' 1 Cyli " d * r W * ish is °P««»Hy oponata location opposite the fluid contact 
surface tor jntodnmng ; and/or removing its contents, or it may completely enclosed with the exception of 
a, access port, from which anyatrroay optionally he displaced or evacuated. The invention contemplates 
that me apparatus (at least the fluid conmet vessel) can be rotated or oscillated fe B fa, « emSJd «S*L 
SS^? 1 k, V Wn * ***** Of fluid m^S^d C^mS aru^a 

(te. where flexible tubing is used) to generate a continuous, optionally turbulence free fluid flow overtfae 
fluid c<mtact surface at selected rates simulating the various shear ra4 of arterial,^^ mM-l^natic 

uOBmmt diametem of such vassals) or interstitial flow. The fr^p?XCte5tt 
tinaito fluid contact surface : may bo provided with a 1) substrate for linking ligands of the Saw 
target Uganda orljgand beating entities to permit fluid flow across the subsmam in a plane suStial°y 



parallel or conforming to the axis of flow. 

In another aspect the invention is directed to methods of making a multispecific antibody in which: 

B) ?f J!^^ 1 ^^L*?.S rae v f ° r \°* me *»»ins • example, the light chains (assuming 
the construct has two light chains) are generated tor a first taiget bmdtng mofety eg. in one asocot 
of the invention, the relatively high affinity binder, optionally flam a KmSUm^ 
sequence, »m *b Uflbt chain la then coupled with a diversity of heavy chains to select a pair of 
Z^ 1 !!."!!^ *£ ftB ^FT***** ligand, thereby constituting the second ligand binding 
matewwUnh maybe a relatively tow affinity binder. An alteinateMconcomiEZgTto 
f^ity second ligand binding moiety would simply be to substitute rmeUgnt 
chain of tile fi«t hgaad binding moiety for that of the second Ugand binding moiety and totast tha 
affiD ^' ^*l?T~ a , ""^P 80 ^ tergotBBLsto particular target ceUs^em tor 
sample, two high affinity binders are preferred, the heavy chain and light chain bindina to the 
BEL can be tnmcated conespondrngh/ at the Ctfl/CL region so that thcvtVVL mtermcJ and 

otter VH/VL chains. By Unking the heavy chains as explained above, all chains wfll pair 
correctiy. It will be appreciated that the foregoing production strategies could be applied to the 
produooon of heavy chain antibodies (two chains structures without associated Ught chains). 

Z^^^rS^ f*^*" <* °*<* end thatpmductioTiX Sould 
be adapted to E. Colt. It win also be appreciated tint deletion of a substantial part of the CHI and 
CL domains can be measured to provide a space for the BEL to sit in line with the other Fab 
which can be lengthened in tha linker or CH 1 domain, as shown in Figure C. The invention 

SS^SS? eVEh ' atIOn ° fa dh T ,Iy ° flhe ** moiety can be accomplished 

*™» m * BELplaee w be * a««nmod8te selection in the context ofthe entire structure as a whole. 
b > 2£* tootoer nrt^dStomake Wspcmfic and Wapeciffc fusions m AnXdjTFusian 

Proteins WUey-Liss 1999 Gnfra) eg. particularly p 131 et seq., and Chapter 7 and the discussion. 
Methodologies improving the contort pairing of heavy chains are wen-known In the art 
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Such a construct could also be employed In conjunction with other functional motetfes fused or conjugated 
thereto, for example toxins, cytokine enzymes* prodrugs* radionuclides etc 

Id one preferred embodiment, the Invention is directed to a mulrispecific Ugand* with at least two different 
binding specificities for oUfmrent target Uganda* on the same target cell* and adapted to bind 
contemporaneously to fits different target Uganda, said mutti specific Ugand comprising & first target binding 
moiety which preferentially* recognizes a first target Ugand and a second target binding moiety which 
preferentially recognizes a second target Ugand, and wherein sold first target binding moiety recognizes a 
target eeU-at&ociated* target Ugand and said second target binding moiety recognizes a non-cell-asiaciafcd 
target Ugand which is present on target cells and non-target cells; and wherein the ability of the second 
target binding moiety to bind to the second target is diminished relative the ability of the first target blading 
moiety to bind to tire first target Ugand* the first target binding moiety having an ability to bind to the first 
target Ugand which Is at least sufficient tor the first target moiety to bind to the first target Iigand 
independently of the second target binding moiety binding to the second target Ugand and an o£P*am which 
at least sufficiently exceeds the on-rate of the second target binding moiety for the second target Ugand to 
provide opportunity for the second target moiety to bind die second target Ugeud when the first target 
binding moiety is bound to first target Ugand, die second target binding moiety having a relatively 
diminished ability to bind or stay bound to the second target Ugand independently of the binding of the first 
target binding moiety to the first target Iigand* such that the multifunctional Ugand will bind to the target 
population of calls In preference to the non-target population of cells. As suggested above, rise strategy 
embodied in this preferred embodiment can also be employed in connection with any one or any 
combination of compatible strategies referred to above, to diminish in degree the requirement of losing a 
low affinity second Ugand binding moiety. 

in another aspect the inveorioa Is directed to heteronmetitnal ugand cornprismg a first moiety which binds 
to a first target iigand and a second moiety which binds to a second target Iigand, and wherein the affinity 
or avidity or both the affinity and avidity of said first moiety are selected to enable the first moiety to bind 
to die first target Ugand independently of the ability of said second moiety to bind to the second target 
Ugand and wherein the relative avidity or affinity or both the affinity and avidity of said second moiety are 
selected or adjusted to substantially reduce the probability of the second moiety binding to me second 
target Iigand without the first moiety, first or substantially co ntet op oran aotBiy, binding to the first target 
Iigand. For example, in one embodiment the first moiety Is divalent and die second moiety is monovalent 
In one embodiment the affinity of the first moiety for its target Ugand is for example up to several orders of 
xnagrnhiflc greater than mo affinity of the second moiety for its target Ugand, as discussed below. In a 
preferred embodiment bom moieties are capable of binding to different target Uganda on the same cell, for 
example as hereinafter specified, although in the case of tumor call targeting, particularly with respect to 
cells that are growing adjacent to another the mvendon contemplate* mat the fust moiety may bind to one 
cell and me second moiety miy bind to neighbouring cell Accordingly, in the case of receptors requiring 
cross-Unking for biological activity me invention contemplates that such same ceU interactions and adjacent 
oeU interactions are optionally accomplished when the second moiety is bivalent fa one embodiment, at 
least one of said first and second mottles comprise one or more antibody components. In another 
embodiment, said first moiety binds to at least one cell-surface iigand which differentiates between cells of 
the same population or sub-population, for example, at least one Iigand which drffeotiaies which between 
populations or sub-populations of immune cells (eg. see WO 01/21641, US 6156878), for example, 
activated vs, non^ctjvated, disease-associated or non-dUewe-associeted (over-expressing or uniquely 
expressing certain receptors or other ligands [for example cytokine or growth factor receptors, particular 
immunoglobulin like molecules or MHC peptide complexes] or other differentiating markers hereinafter 
exemplified or apparent to those skilled in the art), and said second moiety, in virtue of its binding to the 
second target Ugand, directly or indirectly exerts a biologic effect eg. a therapeutic effect, for example en 
immune insulating eigect. In a further preferred embodiment said second moiety has a broader target cell 
population man said first moiety Eg. see Wiley H. et at Expression of CC Cnemokme Receptor-7 and 
Lymph Node Metastasis..., J. NarL Cancer Inst. 93; 163 8-1 6*43; Moore MA Bloessays 2001 Aue23(8):674. 
6. Clue invention contemplates that by targeting CCR7 receptor selectively cm tumor cells, for example 
using a relatively high affinity binding moiety for a tumor associated antigen and a relatively low affinity 
moiety which binds to and blocks CCR7 receptor, eg. when combined in therapy with a chemotherapcutic 
agent or an IxnmnnotJxun tor the same tumor, metastasis can be inhibited). For example. In one 
embodiment said first moiety binds to a tumor associated antigen on a tumor cell and said second moiety 
binds to a receptor which is found on (he tumor cell but also on a broader population of cells, In another 
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embodiment said first moiety binds to an antigen associated with particular population of Iwjfcocytw and 

S^^E5f y , Wwh * " ^"J." " *«* « ^population oSb^bo SST 
population of cells (eg. apoptosls mediating receptors Journal of Immunology 1998 leMAJtevSismt 
Aug; 7(8)954-960, WO 01/85782; ICAM* WOOO/2TO20; OT ^WOoffslllt WOof/SS^^n 
°]i*i 755 - WO 01/83560, WO 01/29020; Vitale et al. Pipe Am£ Set 2001 K £ S S !V 

Sf^^^^^fJ^L 47 ^ • lD r° ,her ambod ^^ t «"> SBcondmolety doas not necSy 
btad wjth tower affln By to Us target however It may bind to a first lfeand which in ran binds to a , aewrad 
Ugnnd on a target cell (eg. a receptor on the mrget ceU eg. a cytokinXchemoklne mZa^h^tlr^Lr^ 

1 m!erf »" ™ilh *e binding of the first ligand to the second l iga „d and thmeby d^cte dT 

SK?l^ ll ^ nd *J If" S ?? nd »mani«r which accomplishes the intended Stemctionof 

^,*°^ t second ligand (eg a signal transduction or blocking interaction io. the second moiety 

^usas the eg. cytokine to bmd to as receptor without engBndaring toe biological effects attributable to 
receptor binding eg. signal transduction, which may be assessed by assaying for effects of ex sianal 
Jn^^SSS? * "I* a 0 *"*"* t*<*nlques in the art) but leu competitive* relative tort* first 
™E£ w ^ k i 110 ^ < ? BrtSa t »* etin * ««• where the first ligand hound by the second 

rn^«u,*uv!v b ^^.^ I l?'^ d P°P uIati ° n of cells. The binding of the second moiety may also be 
S^^fif W ""^J 0 ?^ ^ "urfeee ligand bmnot another eg. see WQ 00/64945 me 
contents of which are hereby incorporated hy reference. The ability to Identify ligand residues Vf 

to j™*™*" *Iw alteration of which might interfere with binding is well 

contenra,alas VB ^ by high throughput techniques eg. phage 
dlspUy, residues of an antibody that are not involved to first Hgmd binding to variant, which em t» 

tested for partml interference with finrt Hgend bindmg to the second ligand eg! reccpxoTbStoT^ 

^i P t^» ™ P ^f" ^ V !S^ b V r activation by the tarseting methods described herein include tyrosine 
tanaso typo recptors, senne kinase typo receptors, hrtorotrimerio G-protan coupled receptors, recentas 
nho^hl^r ^™ ^«^™tcb fandly receXTgnanytete cycto^e^^Se 

K ^°»™/Fto™<*°- <&' «ampte receptor, lee those discussed in CaScer S« 
^M^rf * I>c Vto cteL Eds Ltoplncotl2001. including pmicularryTa^T? *5i 
18, The Autonnmmie Diseases, Academic Press Third Edition, Rose/MookaylSBN: 0125969236 
LT^r™ 1 !!: ^2001 Roht et ah Eds; Molecular Mimicry, Microbes * AotSnily by 

Hr^ ^r; ^ Cd) - F^""«h«»n»V«lK) be made of interleufcin and interferon (ypereoeptaH 
HGF receptor (see Sir example U8P 6,214,344), CD45, CXC Dually receptors mdudtoVc^l™* 

ft^^rT" to nidify ro^ptar ligand, in a way which does not inrerfere wim asigmZg ftaction 
-^!^^ C fi^. 0I T t - £br si «5naHnS ™W be known or can he readly ascertained eg. see tSmr«2mT 
mrerJaukrn 13 fwradioinmiuoodeteebon and redtolmmunotherapy of human high-grade gliomVDebinsW 
W, Thompson JP.Oin Cancer Res 1999 Ocr^flO SupplVJ I43*3l47a^ w r^^X^fnXTtVlkT 
Hg^f-rmisreeejnorOeealsoWOOl^AlS^ 

EG^i™*!!^^ ^ * bl0Ck - ^v*to.oeuhn.i« ete^cSor ^Sto 
EOFR fturiily.TNF family and other receptor targeting antibodies which are caoableof ra ,,,ino 

SlX^lf h W ° f /12973 ' 22 i, 6913 invention also contemptatoSm^c^ 

£tT^fw b ' tal8!W<1 ,? 0 a ^ ec!fl f J» ri « «f * «W» which differentoXfrt fiorS. rco^tcTS 

^ the second moiety may cctribute to tt, B torget^S 

«n1^hi^! Ct 'i^l!!l V r nti<m a1 "^ conteni P 1 f tos tn=t Aw first moiety binds to a target ceU and aaid second 
targeted call. For example the invention eomtemptates that IL-a mav be tgtamtwii mtav ~mn»~ r^rt . 

L "5f* ^f?^ ^^Sh^'fSgm^Sw^ 

bmd to cytokines or other natural hgands for retargeting purposes (eg. single dsSamm^od^oBite 
made by phage display against the cytokine or ligand whOe bound in situ to its receptor. The invention also 
contemplates that the affinity for the cytokine may be adjusted to regulate thfdfg^a^tBVg^™^ 

19 




CA 02397169 2002-08-13 



scrum samples may be evaluated to assess the degree of bound cytokine and the relative degree of bound 
and unbound cytokine. Among other methods, for example, the invention contemplates mat a radiolabeled 
multifunctional iigand may be used assess die amount of label associated with the multifunctional iigand 
wfasn bound to the cytokine, by capturing the 'complex* with an antibody that recognizes both antigenic 
determinants on both the cytokine and an adjacent portion of the Iigand binding thereto ie* forming a 
composite epitope), such aa may be generated by phage display and assessing the amount of label relative 
to the amount of captured complex The invention also contemplates administration of supplemental 
amounts of natural Iigand to compensate for the degree In which the Iigand is retargeted Insofar as such 
Tetargetmg might impact negatively on immune or other physiological processes. 

In another aspect the invention contemplates that patients treated with antibodies to a particular biologic 
effector Iigand eg. a natural Iigand eg. a cytokine, for example TNFfc, may preferably be treated with a 
myofunctional iigand having a first molcry which binds to at least one cell type and a second moiety which 
binds to a natural Iigand such as a cytokine for Tetargetinaihrt cytokine to that cell type, as in a 
preventative method tor treating a disease, eg* cancer, la this respect the Invention contemplates that the 
antibody is capable of binding to file cytokine but once bound the cytokine, the cytokine is incapable and/or 
only weakly capable of binding to its receptor and/or that the multifunctional Iigand also comprises a 
higher affinity receptor blocking moiety to wifaimiw retargeting of the primary disease site. In one 
embodiment, die first moiety binds with relatively higher functions! affinity (to, avidity, affinity, and/or 
relatively advantageous binding capacity in virtue of multiple Iigand binding arms, each binding to 
different Uganda on the target ceil) to ensure binding to the retarget cell in another embodiment the bound 
cytokine Is capable of binding to the cytokine receptor at tire retarget site but Incapable of binding to the 
reeepror at the disease site owing to drfiferencca in the receptors at the two sites. The nventlon also 
ocmosmplares usmg antibodies which Interfere but do not preclude binding of the biologic effector to 
provide a lass toxic effect. 

For example, patients with Crohn's disease tot are treated with anti-TNFa (see lor example, Expert Opin 
Pharmacother 2000 May; 1(4):6* 1 5-22 and references cited therein) may be treated according to the 
Invention with a bispeciflc antibody having, in addition to an anti-TNFa binding moiety, which reduces the 
affinity of the bound TNT" for the receptor, but also an antibody moiety which binds to tumor antigen which 
IS expressed on many different tumor types or optionally a trispeclfic antibody which additionally binds to 
a second multi-carcmomic antigen, preferably one which broadens the range of targeting against prevalent 
cancers. With respect to tumor antigens mention may be made of EGFR, EPCAM, MUCIN*, TAG-72, 
CEA, Hll among other known muWcsjctaornlc antigens (see also Cancer: Principles and Practice of 
Oncology 6 U Ed. ue Vita ct at Eds Uppincon 2001 Chapters IS and 20.5). fa another embodiment, flit 
second moiety differentially retargets a cytokine to one receptor in preference to another, for example, to a 
TNF receptor over-expressed on tumor cells in preference to a TNF receptor associated with Crohns 
disease. In a related but also independent aspect, the invention contemplates a method of screening for an 
antibody which preferentially binds to a Iigand when bound to a first receptor relative to another second 
reeepror by screening for antibodies (eg. by phage display, ribosome display, etc.) which bind co the Iigand 
eg. a cytokine, when bound in situ to the first receptor, and selecting among them those that bind to the 
Iigand eg, cytokine but do not bind (subsrxactSve screening) or bind with lesser affinity to the cytokine 
when bound to the second receptor, as well as to antibodies and multifunctional Uganda created by this 
method (see also US2» 6,046,048 and WO 99/12973 and references cited therein with respect to TNF 
family of receptors). Variations in the extracellular domains of such receptors are known and can be 
ascertained by methods known to those skilled in the art 

Further with respect to multifunctional Uganda having a higher affinity targeting moiety relative to the 
second ie. effector moiety* the second moiety may be for example an antibody or other Iigand which 
interferes with the binding of the regular Iigand Tor mis receptor. For example, the invention comtem plates 
a £rst Iigand binding moiety which recognizes activated T-cells and a second iigand binding moiety which 
blocks the flUI 6 receptor for testing the effect on Crohns disease (or alternatively activates an (Lr 16* 
Tcceptor on those cells eg. by using a high affinity BL-16 bound second moiety which becomes relatively 
low affinity IL-16 receptor Iigand when bound to the antibody, again to test the effect on Crohn's disease 
(see Cut 2001 Dec 49(6) 795-803) For example, in one embodiment the invention contemplates that the 
second moiety blocks e receptor thar are found on ceils other than the target cell, the blockage of which 
leads to the epoptosis of or destruction of me cell eg. CD95 (eg. see Jung G. at aJ.,Target eell-restricted 
triggering of the CD95 (APO-l/Fas) death receptor with bispeciue antibody fragments Cancer Res 2001 
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Mar 1 ;61 (5): 1 S4o*-8). With respect to blocking insulin Like growth factor receptor, insulin receptor etc see 
The IGF system in thyroid cancer new concepts. Veila V„ Mol Pamol 2001 Jun;54<3): 121-4; Insulin 
receptor isofbrro A, a newly recognized, hish-nfRnity irjSulio-Ukc growth factor 11 receptor in fetal and 
cancer cells. Mol Cell Biol 1999 Mnyi 19(5):3278-B8; Expression of the insulin-like growth fcctors and 
then- receptors in adenocarcinoma Of the colon. Freler S Gut 1 999 May?t4(5):704-8; Pandini G., Insulin 
and insulin-Like growth £actor-l (1GF-1) receptor overexpression hi breast cancers leads to insinin/IGF-I 
hybrid receptor overexpression: evidence for a second mechanism ofIGF-I aignahngCHn Cancer Res 1999 
Jul;5(7); 1935-44. With respect to targeting beta-1 integrtns see eg. Masumoto A, et al Role of beta! 
integrals in adhesion and invasion of hepatocellular carcinoma cells. Hematology. 1999 Jan£9(l):6"8-74. 
Areo S, et al Beta! integrals play an essential role in adhesion and invasion of pancreatic carcinoma cells. 
Pancreas. 2000 Mar#a(2): 129-37. Xic Y, Xie H. Characterisation of a novel monoclonal antibody raised 
against human hepatocellular carcinoma* Bybrldoma, 1998 Oct;l7(S):437-44. Peng H, et al Production and 
characterisation of anti-human hepatocellular carcinom a monoclonal antibodies. Baa Xi Yi Ke Da Xue 
Xue Bao. 1990 Sep;21(3):259-62; Whittard JD, Akryama SK. Activation of betal mtegrina induces cell- 
cell adhesion, Exp Cell Res. 2001 feb I ;263(l);65-76 Nejjari M, et al atpnaobetel integrin expression In 
hepatocaiuinoina cells: regulation and role in cell adhesion and migration, lm J Cancer. 1 999 Nov 
12;83(4):5l 8-25; Yeo M et al Expression of the integrin alphai subimit and Its mediated cell adhesion in 
hepatocellular carcinoma. J Cancer Res Clin Oncol 1 997; 123(8)^35-40. 

The invention also contemplates a method of optimizing the cooperative affinities of respective binding 
tigands of a multifunctional ligand described herein and the length of a linker therebetween for the above 
end applications described below by phage or rtbosome display etc. in which the multifunctional ligand is a 
single polypeptide chain, for example, two single chain Fvs ox single domain antibodies linked in sequence* 
or a diabody (see USP 5,837,242), by varying the DMA sequence corresponding to amino adds that 
represent linker and/or for example COR regions that are postulated to impact on affinity according to 
methods and strategies mat well {mown in the art for affinity maturation. These same strategies can be 
employed for engineering lower affinity molecules. Accordingly, more generally the invention is directed 
to a phage display or similar library (eg. a ribosome display library or a microarray) in which the 
population of variants is amuWspecrfic ligand, including a multispccific ligand according to the invention 
herein denned. 

in another embodiment blockage of a receptor does not necessarily (ead to cell death hut may lead only to 
decreased or increased release of certain cytokines etc, for example as mediated via the 1L-6 receptor. 2h 
another embodiment the second moiety may achieve the desired therapeutic effect by constituting (he 
normal ligand 1br that receptor or a functional substitute. The multispccific ligand may also be fused or 
conjugated to a toxic moiety or other effector. In another or further preferred embodiment, said first moiety 
comprises two binding ligands (eg. one or both of which may be an antibody) which respectively bind to 
two different target U&ands each of which contributes to its total binding capacity and neither of which are 
sufficient to efficiently target the the cell, for example a ligand which binds to a specific MHC peptide 
complex and a second reduced affinity ligand which binds to a ligand on an apc. This approach also 
obviates the need to create high affinity ligand for a particular MHC petide complex, although thia can been 
accomplished. In another or further preferred embodiment the target cell is an immune cell and the second 
moiety binds to a molecule involved in cellular adhesion, a cytokine receptor, a ligand which stimulates the 
activity of said immune cell, a ligand which inhibits the activity of said immune cell, a ligand which causes 
one or more cytokines to be released, a ligand which prevent one or more cytokines from being released, a 
ligand which Causes or facilitates apoptoris of said immune cell or a ligand which permits internalization of 
said multispccific ligand. in another pref e rre d embodiment the beterofbnctional ligand Is fused or 
conjugated to a therapeutic agent or a moiety that binds to a tberapeutuc agent (exemplified below) or a 
ligand which effects binding to another immune cell, for example a T cell. In another pr e fe rr ed 
embodiment, the multispccific ligand is a bispociflc antibody, a trispeefic antibody or a tetraspecifio 
antibody, hi a further preferred embodiment the first moiety binds to but is Incapable of modulating the 
activity of said immune cell and said second moiety modulates the activity of said immune cell 
independently of said first moiety, in another preferred embodiment the multispccific ligand further 
comprises a moiety that binds to at least one ligand located on the mtralummal surface of a lymphatic 
vessel, preferably 8 lymphatic vessel associated ligand, as hereinafter defined. In other aspects the 
invention is directed to a pharmaceutical composition comprising such a monospecific ligand and a 
pnarmaceuticalry acceptable carrier, a method ofustng the heterofunctlonal ligand In the preparation of a 
pharmaceutical composition for treating a disease, and to a method of treating a subject by administering 
seme m a therapeutically effective amount. 
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The invention la also directed to a moltispedfic ligand which comprises a fw*t ligand binding moiety which 
neutralise* n ligand eg. e natural ligand swh » ft cytokine chemokinc, colony stimulating rhetor or growth 
factor and a second ligand blading moiety which binds to * cell marker associated with a con through 
which the natural ligand exerts a deleterious affect. Preferably the affinity for the first ligand binding 
moiety for the natural ligand will be greater (han that of the second ligand binding moiety for the cell 
associated marker. Optionally the construct will be selected so that the binding Interfaces are pointed in 
opposite directions and the lever effect is maximized, for example a bispeeftlc construct where the heavy 
chains are joined directly or through an Inflexible linker and are optionally linked to their respective 
(optionally common respective light chains) through a disutphide linker via framework residues as is well 
known in me art. Optionally, the molecular weight ofme first Ilfland binding moiety Is substantially less or 
more (by at least 10%, preferably at lean 20%, more preferably at least 25%) and preferably less than that 
of die second ligand binding moiety as may be effected or maximized mrough mutating from higher to 
lower (on the first ligand binding moiety) and lower to higher mol. wt residues (on the second ligand 
binding moietyX the native residues which are not exposed ( to avoid immunogenicity) and not essential tor 
proper folding and junction of the VH/VL (as may bo determined from the degree of conservation of snob 
residues among immunoglobulins of the species, through % frequency tables available through the K&hat 
database and well known published determinations in mis regard (see for example WO 02/40545). 
Examples kucludc? neutralizing lb-2 via a marker on activated T cells, blocking HMS via CD8+ T cells, 
blocking TNFalpha on mast calls; binding thrombin via activated endothelial cells etc 

The term hetcrofnnctional is used broadly to refer to a ligand: 1 ) comprising at least two functional 
moieties mat have different functions or different capacities to perform the same function and 2) which is 
typically and preferably heterospecitlc (having two binding specificities). 

Vtiioss the context operates otherwise the term avidity when used m a comparative, Quantifiable or 
controllable sense Is used to refer the valency of the binding entity or moiety. The term functional affinity 
is used a composite term referring to a quantitative and oontollabie (though not necessarily quantifiable, 
especially when its consists of both avidity and affinity components) propensity to specific binding 
attributable to one or bom of avidity and affinity effects. 

In another aspect, the Invention contemplates that cells, particularly immune cells, that are expected to be 
present at or proximal to a disease site (eg. at me site where an immune cell crosses tho vascular endothelial 
cell wall), in virtue of the disease or a therapeutic modality which is employed in relation to the disease or a 
concurrent disease, inoluding cells mat directly mediate the disease, may be targeted in virtue of a marker 
associated with such cells, eg .markers associated with activated immune cells or disease rnedJatbg immune 
cells eg. UBU-19, a marker associated with activated or killcrT-cclls, etc for example with an antibody, 
which is linked to a moiety mat is capable of exerting a therapeutic cfiect in relation to the disease, for 
example, an mmnmolrposome or an antibody linked to another therapeutic delivery system (for example 
example strcptavidin or biotin fused, coated or conjugated entitles or other payload carrying entities (see 
for example US patents 2439636, 6007845, 5879712, 5456917, 6165502, 507900S, 5888500, 5861 159, 
6193970, 6190692, 6,077,499, WO 00/69413, WO 01/07084, etc.). For example, an ImmunoUposome 
may carry one of or a combination of cytokines, chemokines, toxins or other therapeutic molecules suitable 
for treating the disease directly or Indirectly, for example by attracting or pre venting the attraction, 
activating, anexgrang or otherwise modulating the activity of immune cells for therapeutic or related 
purposes. Thus according to another aspect, the invention is directed to a rmihi functional ligand 
characterized hi that it exerts an independent biologic function said multifunctional ligand comprising a 
ligand which binds to a non-diseased disease associated cell and: a) a merapeutlo entity; b) a Hgand which 
bmds to a merapetnie entity; or c) a Hgand which binds to a disease mediating entity eg. a biologic effector 
moleeul which is released by the disease mediating entity or the diseased cell eg. a cytokine or other BEL 
which mediates or aggravates a disease process* Preferably said multinational ligand comprises at mast 
two of a), b) or e) and preferably all three. 

The term ll m dependent" refers to a tmtetion which is primarily exerted in relation to an entity other man the 
entity thai is targeted (save for possible entity associated side effects). The invention contemplates that 
targeting a cell which localizes to a disease site will better localize the independent effect of the targeting 
ligand to that locale. For example, an antibody which binds to and neutralizes a cytokind or other BEL 
associated with Crohn's disease eg. TNF alpha ax the disease locale if targeted to an activated CD4+ T-ceU 
using a marker which identifies activated T-cefls. 



22 



CA 02307169 2002-08-13 



In another aspect the invention is directed to a heterofunctional ligand comprising a first moiety which 
specifically bind* to at least a first target ligand on a Urn entity and a second moiety which specifically 
binds to at least a second target ligand on i second entity, and wfccrctn the affinity or avidity or baft the 
affinity and avidity of said first moiety are selected to enable the first moiety to bind to the at least one first 
target ligand independently of the ability of said second moiety to bind to the at least one second target 
ligand and wherein the avidity or affinity or both the affinity and avidity of said second moiety are selected 
to enable the second moiety to bind to the second entity in preference to the first moiety binding tome first 
entity when both first and second moieties are substantially contemporaneously bound to the respective 
first and second entitles, in one embodiment the first moiety comprises at lean one ligand preferably at 
laast one antibody which binds to a first cell, tor example an intraluminal lymphatic endothelial cell and the 
second moiety comprises a ligand, preferably at least one antibody which binds to a different ceil, for 
example a disease associated cell (hereinafter exemplified and meaning, unless the context implies 
otherwise* diseased cells or disease causing* mediating (ie. having a role whicn is known to be intermediary 
or inrf; actry fijclltfemng eg. antigen presenting cells) or mitigating cells (cells, typically immune cells, 
which directly or Indirectly counteract the diseased or disease causing or mediating cells). In other aspects 
the invention la directed to a pharmaceutical composition comprising such a heterofuncrJonai ligand and a 
pbaTTnaceuticalty acceptable carrier, a method of using the heterorunctionai ligand hi the preparation of a 
pharmaceutical composition for treating a disease, and to a method of treating a subject by administering 
sama In a therapeutically efibctive amonnL 

10 another aspect the invention is directed to a multisperiric ligand cornprising a first moiety which 
specifically binds to at least one first target ligand on a first entity (eg. a lymphatic endothelial cell, a 
diseased cell or a cell proximal to a site of disease) and a second moiety which specifically binds to a 
second target ligand or she oa a second entity, and wherein the second entity hinds to a third target ligand, 
and wherein the first and mind target Vtgands may be on the same or different entitles eg. the same or 
different cells, and wherein preferably the affinity or avidity or both the affinity and avidity of said first 
moiety are selected to enable the first moiety to bind to the first target ligand independently of the ability of 
said second moiety to bind to the second target Ugand and independently of the ability of the second moiety 
to bind to the third target ligand (the first moiety optionally comprising more man one ligand (which may 
be the same ligand or a drfterent ligand) one or more of which are necessary for binding and optionally 
each of which is sufficient for specific binding) to corresponding first target Uganda) and preferably 
wherein 1) the avidity or affinity or both the affinity and avidity of said first moiety is/are selected to tnablo 
ft to bind to the fit least first target ligand in preference to the second moiety binding to the third target 
ligand when both said first and second moieties and the second entity are substantially umtemporaneousry 
bound to their respective target ligands eg* to effect a tranter or 2) wherein the avidity or affinity or both the 
affinity and avidity of said second moiety for the second entity are selected to enable the first moiety to 
bind to the first entity in preference to the second m piety binding to the second entity and/or 3) wherein Che 
avidity or affinity or both the affinity and avidity of said second moiety for the second entity are selected to 
enable the second moiety to bind to the third target ligand in preference to the second moiety binding the 
second entity when both first and second moieties are substantially contemporaneously hound to the 
respective first and second entities and the second moiety is substantially contemporaneously hound to the 
third target ligand), or 4) wherein both 1) and 2) above are both operative conditions. In one embodiment, 
the first entity U a diseased or disease causing, mediating or mitigating ceil for example an immune cell 
(the first moiety preferably binding to a particular population or sub-population of the first target entity eg. 
die immune cell, for example activated T cells), the first moiety optionally comprising two or more ligands 
which may be the same or different and which bind to two or more respective first target cell surface 
Uganda (though not necessarily to any particular effect (and in one embodiment to no effect at all) ofher 
than to better bind to and thereby target the cell* preferably in competition whh the second entity, which in 
a preferred embodiment toilets a broader populnttan of colbr), and the second eattry eg. a biologic effeetore 
ligand is an entity that binds to a third target ii$and> the third target ligand preferably b ring expressed on 
the surface of a cell for example the same immune cell, for example a natural cell surface ligand, to which 
binding yields a desired effect, for example a therapeutic advantage, file second moiety being, for example, 
fiie natural ligand for the coll surface ligand or functional mhnitopo or antagonist or agonist thereof, for 
example a cytokine, the third target ligand in this case being a cytokine receptor on the immune cell. The 
Invention Is also directed to a method of "targeted delivery" of a therapeutic entity to a cell m need of such 
therapy by administering aaid heterofimctionat ligand. In mis respect numerous therapeutic entities will be 
apparent to those skilled in the art, only soma of which are mentioned herein by referring to the therapeutic 
entity itself or by referring to the third target ligand for which such entity is known and available or readily 
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made by routine skill lathe art Optionally the heterofuncrional Ugand (and similarly in the ease of other 
multispecific Uganda of the invention described ahove vmteh are adapted to deliver a BEL) is delivered 
with the second entity, preferably in the same composition (preferably bound), in the case where the second 
entity is a natural Ugand circulating in the path of delivery of the heterofunctional ligand, some proportion 
(0-1 00%) of die heterofunctional ligand may he delivered without supplied second entity, particularly if the 
treatment or the disease generates an abundance of the natural ligand. In another embodiment the first 
moiety binds to a target ligand on a stationary cell (for example a vascular endothelial cell or a lymphatic 
endothelial cell), preferably a tissue or cell type "associated" Ugand (more abundantly expressed uniquely 
expressed on target cells relative to non-target cells), and the third target ligand and the second moiety are 
ceJ i-sufece target and ligand therefor as stated above, for example the second moiety binds to a cytokine 
and the third target ligand Is a cytokine receptor, for example on an hnmune cell, in one embodiment the 
first moiety binds to at least one target ligand which differentiates between populations or sub-populations 
of immune cells and the second entityin virtue of its binding to the third target ligand, directly or indirectly 
exerts a therapeutic effect, for example by modulating the activity of said immune cell. In another or further 
preferred embodiment the first moiety is incapable of modulating the activity of said Immune cell and said 
second entity modulates the activity of said Immune call Independently of said first moiety, Tn another or 
further preferred embodiment the second entity binds to a molecule involved In cellular adhesion, a 
cytokine receptor, a ligand which stimulates Che activity of said immune cell, a ligand which inhibits the 
activity of said immune cell (eg* via anexgy or tolerance mechanisms), a ligand which causes one or more 
cytokines to be released, a ligand which prevent one or more cytokines from being released, a ligand which 
causes or facilitates apoptosis of said immune eelll, a ligand which permits mtemaJizatioxL of said 
heterofunctional Ugand. In another preferred embodiment the fcetexeuuntfonei Ugand is fused or conjugated 
to a tnarapeutic agent or a moiety (eg. biotxa. avidin) that hinds to a thnrapemuc agent (exemplified below) 
or a Ugand which, effects binding to another immune call, for example a T cell In another preferred 
embodiment, the heteroflmctlonal Ugand is a bispecifio antibody, a crtspeofie antibody or a tetraspecific 
antibody. In another preferred embodiment the heteroflmctional Ugand further comprises a moiety that 
binds to at least one ligand located on the intraluminal surface of a lymphatic vessel, preferably a lymphatic 
vessel associated ligand, as hereinafter defined. 

tn other aspects the invention is directed tp e pharmaceutical composition comprising such aforementioned 
heterofunctional Ugand and a pharmaceutiealry acceptable carrier, a method of using the heterofunctional 
Ugand in the preparation of a pharmaceutical composition tor treating a disease, and to a method of treating 
a subject by administering same m a therapeutically effective amount. As suggested below, the foregoing 
strategy could be used m combination with other targeting strategies herein mentioned or known in the art. 
Hie invention c^mtemplates making antibodies to second entities, tor example, while bound to flieir natural 
r ec e p tor , by phase or ribosome display, by methods as hereinafter disclosed. 

In another aspect the Invention is directed to a heterofunctional ligand comprising at least a that moiety 
which snecitjcnUy binds to a first target Ugand on a cell and a second moiety which specifically binds to at 
least a second target ligand on the same cell, and wherein the affinity or avidity or both the affinity and 
avidity of said first moiety and (he affinity or avidity or both the affinity and avidity of the second moiety 
are selected to substantially reduce the probability of the either moiety singly binding to its respective 
ligand for a sufficient duration or aeries of durations to accomplish the fimcHem of said heteroftmctionM 
ligand unless both first and second moieties are substantially contemporaneously bound to the cell. In a 
preferred embodiment the first moiety binds to at least one target ligand which differentiates between 
populations or sub-populations of Immune cells and the second moiety in virtue of its binding to the second 
target Ugand, directly or indirectly exerts a therapeutic effect, tor example by modulating the activity of 
said immune celL In another or Anther preferred embodiment the first moiety is Incapable of modulating 
me activity of said immune cell and said second moiety modulates the activity of said immune cell 
independently of said first moiety* In another or termer preferred embodiment the aecon4 moiety binds to a 
BEL, for example a molecule Involved In cellular adhesion, a cytokine receptor, a Ugand which stimulates 
die activity of said ixermme cell, a Ugand which inhibits die activity of said Immune cell (eg, via energy or 
tolerance mechanisms), a ligand which causes one or more cytokines to be released, a Ugand which prevent 
one or more cytokines from being released, a Ugand which causes or facilitates apoptosis of said immune 
celll, a ligand which permits internalization of said heterofunctional Ugand. In another preferred 
embodiment the heterofunctional Ugand Is fused or conjugated to a therapeutic agent or a moiety (eg. 
blotJn, avidin) that binds to a thempeutuc agent (exemplified below) or a ligand which effects herding to 
another immune cell, tor example aT celL in another preferred embodiment, the heterofunctional Ugand is 
a bispecifio antibody, a trispectic antibody or a tetraspecific antibody tn another preferred embodiment the 
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heteroftmctional Hgand further comprise* a moiety that binds to at least fine ligand located on the 
intraluminal surface of a lymphatic vessel, preferably a tynmhatfc vessel associated ligand, as hereinafter 
defined. In other aspects the invention is directed to a pharmaceutical composition comprising such a 
heterofuactional ligand and a pharmaceutical}/ acceptable carrier! a method of using the heterofimctional 
ligand in the preparation of a pharmaceutical composition for treating a disease, and to a method of treating 
a subject by administering same in a therapeutically effective amount 

in other aspects the invention is directed to a method of in vivo modeling or testing using one or more 
foregoing targeting strategies by administering a bcterorunetioual / multifunctional ligand as hcreinbclo w 
disclosed as well as a method of mtra-lymphaSc drug delivery employing such Ligand and such strategies 
including adaptations thereof tor such purposes, as hereinafter described. In related aspects the invention is 
directed to a test Ligand in the form of such a heterorunctlonai / multifunctional ligand and compositions 
thereof. 

Ih one aspect, the invention is directed to a heterofimctiontil ligand, comprising a first moiety which 
specifically binds to at least one llgnnd located on the mtrahimiaal surface of a lymphatic vessel and a 
second moiety which specifically binds to a disease associated cell and the use of such heterofunctional 
ligand in treating or preparing a pharmaceutical composition for treating disease associated cells, including 
diseased cells or disease causing, mediating (ie. having a role widen is known to be intermediary or 
indirectly facilitating eg. antigen presenting cells) or mitigating cells (tells, typically immune cells, which 
directly or indirectly counteract the diseased or disease causing or mediating cells), within a lymphatic 
vessel. Preferably, the ligand located on the intraluminal surface of a lymphatic vessel Is a lymphatic vessel 
associated ligand. 

In another aspect, the invention is directed to a pharmaceutical composition comprising a pharmaceutical^/ 
acceptable carrier and a beterofunctional ligand comprising a first moiety which specifically binds to a 
ligand located on the Intraluminal surface of a lymphatic vessel and a second moiety which specifically 
binds to said disease associated cell and the use of such ligand In treating treating disease associated cells, 
including diseased cells or disease causing or mediating cells, within a lymphatic vessel Preferably, the 
ligand located on the intraluminal surface of a lymphatic vessel is a lymphatic vessel associated ligand. 

In another aspect, the invention Is directed to a method of treating disease associated cells, including 
diseased cells or disease causing or mediating cells, within a lymphatic vessel comprising administering to 
a. subject a heteronmcnonal ligand comprising a first moiety which specifically binds to a ligand located on 
ihc mtralummal surface of a rymphatic vessel and a second moiety which specifically binds to said disease 
associated cell. 

It is to be understood that disease causing cells as used herein includes diseased cells and pathogens, 
including micro-organisms and viruses. 

In another aspect, the invention is directed to a neterofunctional ligand. comprising a fust moiety which 
specifically binds to at least one ligand located on the intraluminal surface of a lymphatic vessel and a 
ftceend moiety which specifically binds to a therapeutic entity for example a cyto toxin or cytotoxin-linked- 
entity or a non-toxic entity which is present in toxic amounts and to a method of reducing the toxic effect 
of such entity in a subject by administering said heterafunetfona! ligcmd to said subject. 

in another embodiment the invention is directed to a method of therapeutic evaluation and/or targeting / 
intervention in which such heterofimctional ligand is administered substantially contemporaneously with a 
cytotoxic substance for example a cytotoxic substance useful for treatment of cancer, the term 
substantially contemporaneously is used in this connection to mean in a time flame tbat permits both to 
exert their respective effects, preferably one or both exerting their respective effect optimally, or one 
exerting its effect domlnamly. Tt will be appreciated that this might entail that one such entity is advanced 
In Its delivery over die other. Optionally, one or both of these cooperating entities are delivered proximally 
to their respective target cells, for example by earamlntlng one or more blood vessels as proximsUy as 
possible to the site(s) of a tumor and/or actual or anticipated site(«) of metastases (as discerned by using 
one or more tumor and vascular imagine agents, for example, one or a combination two or mote agents 
selected from a vascular Opaouiiig agent, a radionuclide conjugated anti-angiogeme antibody, and a 
radionuclide conjugated anti-vascular endothelial cell marker antibody, which cumulation may occur for 
example in the course of Initial surgical intervention with respect lo the primary tumor site) and/or at the 
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same time c annularis one or more lymphatic vessels (which may optionally be located which the help of 
a radionuclide conjugated antMymphntic vessel mnrkor antibody) leading to or from such tumor sites or 
metastases* The invention contemplates thai smalt sections of vascular prostheses, well known to those 
skilled the art (eg. Dacron types) may he grafted into those locations to permit a prolonged and secure 
attachment of such prosthesis to an intra- vascular cannula for secure delivery to such vascular or lymphatic 
locations fbr repeated end/or prolonged administration, optionally while the patient is mobile, optionally 
using one or mure portable infusion devices, including micropumps designed for such purpose (see for 
example J Neurosci Methods 1907 Mar;72(l):3S-&> US S180365:Implantable liriusion device. See also 
Cancer: Principles and Practice of Oncology (mfra). Numerous embodiments and imptovemenrs in vascular 
prosthesis and m such portable infusion devices and mlcopumps are described in me relevant scientific and 
patent literature Known to those skilled in the art. The invention also contemplates delivering any 
multifunctional ligand herein disclosed in the above manner. 

It Is to be understood thai largedng strategies employing the cooperative action of ligands with diflbm nt 
affinities fbr their targets exemplified above, may preferably have afSnitiaa which differ, depending on the 
application and their avidity, by a Actor of 2 Wv up to a number of orders of magnitude which may one, 
two, three, four, five, six and even seven or eight order of magnitude, id order to achieve substantial 
advantage, as herefter detailed in connection with one such strategy. 

In another aspect the invention is directed to a heterospeciflc Ligand comprising a first moiety which 
specifically binds to at least a first disease associated ligand located on a diseased or disease causing, 
mediating or mitigating cell fbr example a cancer cell or an immune cell, as weO as on non- diseased or 
disease causing, mediating or mitigating cells (non-target cells) and at least a second moiety which 
specifically binds to a second differenr disease associated ligand on the same cell and wherein each ligand 
is expressed on a substantially (see deflnhlon below) different, n-overiappln& subset of non-target cells, so 
that functional blading to a non-target tissue Is substantially (see definition below) precluded. In another 
embodiment the functional affinities of the respective ligandsmay be selected in accordance with the 
strategies suggested above, to further facilitate targeting. In another embodiment, both different ligands are 
required for internalization. In other related embodiments, the hetexoflmctlonal ligand comprises at least 
two different pairs of binding moieties (eg* a trispcclfic or tetraspecirjo antibody which depending on its 
construction will permit 2, 3 or 4 such drfierent pans eg. a tetraspecific single domain type antibody <te. 
consisting primarily of the heavy or light chain variable region or a fractional fragment thereof) (see 
discussion below regarding its construction) allowing the greatest variation in such geometries and 
preferably simultaneous binding of more than one pair), wherein 1) at least three such ligands are expressed 
on a substantially (see definition below) different, preferably non-overlapping, subset of non-target cells, so 
as to further limit binding to non-target cells and/or 2) wherein at least two different pain of ligands target 
a substantially different subset of cells within the same target population eg. different cells within the same 
tumor (eg. proliferating vs. nor>proilfbrating cell - the respective amounts of the different types of cells 
will dictate the perecentage of the dose that will be targeted to one population or another). In other aspects 
the invention is directed to a pharmaceutical composition comprising such a heierospeoirlc ligand and a 
pharmaceutical acceptable carrier, a method of using the hetorospecific ligand In the preparation of a 
pharmaceutical composition for treating a disease, and to a method of treating a subject by administering 

tame in a therapeutically effective amount. It will be appreciated that the f brtfe o jpg general strategy can be 
accomplished with two or more different antibodies have differing and preferably non-overlapping normal 
in. non-targeted call distributions, prefcrabry administered m the same composition and preferably cross- 
linked by biotin-avidin like complementary pairs to facilitate cross-linking fbr lmernaJtzatlon or targeting 
of therapeutic agents. In a preferred embodiment each such independent antibody carries a diffe rent 
complimentary aspect of a toxic payload eg. a different liposome (or other paytoad carrying entity for 
example a micro or nana particle or sphere or albumin) which complement each other in virtue of their 
respective contents (eg. one carries the prodrug and the other the necessary converting enzyme). 

In another aspect, the invention is directed to a multifunctional ( l< siuUi** meaning at least wo) ligand 
having, at least, a first portion which binds to a lymphatic vessel associated ligand and a second portion 
comprising an immune runctionrexerting moiety. 

The term lymphatic vessel is used to facilitate broader reference to ligands (eg. antigens / receptors) present 
on cells bordering the irttra-lumlnal patfrway through die lymphatic system including preferably the 
lymphatic vessels and optionally also parts of the lymph nodes, and refers in the case of the lymphatic 
vessels, primarily (from a functional standpoint) to the hura-lummal cell surfeces (not necessarily to the 
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exclusion cfnon^umlnal surfaces) on the intra-lummal endothelial cells (not necessarily to the exclusion of 
non-)umjnal lymphatic endothelial cells) of those vessels. 

The torn 'associated 1 with reference to lymphatic vessels, Is used to mean differentially expressed on die 
surface of endothelial oella of those vessels for targeting purposes, such as to accomplish an object of the 
invention, but unless otherwise expressly indicated in a particular instance, It is used limitative fy, to 
reference Uganda that are predominantly, if not exhisrvefy, found on the aforementioned endothelial cell 
surface C« well as m lymph nodes), such that the first portion of the multifunctional ligand is for all intents 
and purposes functionally targeted to the mtnuluminal surface of the lymphatic system, For Instance, h is 
appreciated that the agand In question may be targetted to a limited extent elsewhere eg. in the case of 
preferred LYVE-i ligand discussed below, to parts of the spleen (which also provides a venue for hnnrone 
cell interactions). 

The invention is not concerned with imparting effects to or simply blocking a receptor on the intraluminal 
lymphatic endothelial cell. In this context, the multifunctional ligand of the invention is intended to exclude 
only, unless otherwise specifically staled in the claims, only those embodiments disclosed in WO 98/06839 
or other references describing Uganda, antagonists or antibodies which bind to a lymphatic vessel 
associated ligand or receptor (see examples of such references below), insofar as such embodiments 
comprise lymphatic vessel associated ligands as hereinabove litmtativery defined, and to mis limited extent 
only, the term therapeutic function exerting moiety or immune function exerting moiety preferably 
excludes: 1) an antibody Fcrsasptor, insofar as such limitation excludes from the seope of the 
multifunctional ligand (per so) aspects of the invention, substantially intact naked antibodies which simply 
bind to » lymphatic vessel associated ligands, as well as preferably excluding 2) cyiotoxtns or drugs, 
insofar as this excludes from the scope of the murifunctional Uganda of the invention an antibody or 
fragment thereof which, is fbsed or conjugated etc exclusively to a cytotoxic molecule (including an atom) 
or drug (ie. an antibody linked to a cy tottwrin or drug only, which is not per ss an or is not integrated with 
an Independent biologic or i mmune function exerting component) so as to accomplish a function in relation 
to cells or other entities (including other multifunctional ligands) within the lymphatic system other than 
the cell or ligand to which the multifunctional ligand is anchored. Similarly, the invention is not 
concerned with multifunctional ligands which are adapted to be Internalized Into a lymphatic endothelial 
cell and the invention U specifically concerned with targeting a lymphatic vessel associated marker which 
does not promote internalization and/or in which the first portion has an affinity (high or medium) which 
limits this effect (to. to a side effect) 

In the same vein, the term immune function is broad in intent (as discussed below, and includes particularly 
any function, including binding, capable of being exerted by an ligand preferably an antibody (eg. 
multifunctional ligands which are bispecific antibodies) however tt Is to be understood that the invention 
and particularly the Immune function exerting moiety does not have as an object (despite possible 
incidental effects) evaluating or exerting a disease responsive or immune function vis-a-vis Uganda / cells 
lining the intra-lummal surface of the lymphatic system ic. insofar as such ligands have a role in disease 
(other than simple binding exclusively for anchoring purposes which is attributable not the immune fijntion 
exerting moiety but to the first portion) but rattier t as evident in preferred aspects of the invention. 

preferably an independent btotogfc Ot Immune function which is not predicated On blocking the lymphatic 

endothelial receptor or treating cells bearing the receptor ie. exerted vis-a-vis targets other man the 
lymphatic endothelium target, for example 1) in the oase of stationary diseased cells or disease causing 
cells or molecules, targets at the site of the disease (which may optionally be effected, for example, in case 
of immunization or other Immune cell stimulation, mrtfbttioti etc. in the lymphatic system); and 2) in the 
case of non-stationary diseased or disease causing cells or molseulas, at the Site of those cells / molecules 
including, preferably, within the lymphatic system* for example by binding to or signaling those cells in the 
lymphatic system. 

1. Tn one embodiment, the first portion of the muhrmnctional ligand is an antibody. 

2. m another embodiment, the immune function exerting moiety binds to a target ligand and 
thereby directly or indirectly accomplishes its effect (in whole or part). For example, the 
target ligand may be a cytokine, for example in order to target immune calls to the lymphatic 
system to assist fn, diseased, disease causing or other target cell ablation or phagocytic type 
activity (eg. by the cytokine in turn binding to a ligand, for example cm an immune cell having 
phagocytic activity) or exerting a chemotactto effect with In the lymphatic system, or to mop 
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up cytokines, for example, when released in toxic amounts due, for example due to effects of 
a disease or particular immunotherapy (such as auti-CD3 therapy; see for example USP 
619396$, Kummcr TJ. ct al Trronimol Lett 2001 Jan 1; 75(2): 153-1 58) (with respect to 
removing disease associated antibodies from circulation see for example a bfspeciflc dsDNAx 
monoclonal antibody construct for clearance of anti-dsDNA IgG in systemic lupus 
erythematosus. J Immunol Methods. 2001 Feb 1; 248(1 -2):125- 13$). (sec aUo, for example, 
US 5,968,5 10 with respect to antibody-CTLA-4 fusion proteins for use in binding to various 
target Uganda). 

3 . Id another embodiment, said Immune function exerting moiety comprises an antibody and 
optionally both the first portion and the immune function exerting moiety are antibodies (with 
respect to bispecific antibodies, and a recent review of some of the technologies referred to or 
applicable to various aspects of the invention (see particularly, Journal of Immunological 
Methods February 200 1 Vol. 248(1-2) page 1-200) 

4. In another embodiment, said immune function exerting moiety binds to an immune cell, a 
diseased host cell or a disease causing cell or entity (eg sea US6193968). The term disease is 
used broadly to refer to any undesirable condition. The term diseased host cell Includes but is 
not limited to a cancerous (m the broadest sense of that term) cell and a vlrally infected cell 
(these examples arc given inasmuch as the invention in a preferred embodiment involves 
targeting such cells for destruction) and the term disease causing cell includes but Is not 
limited to a virus or other Infectious agent and as well as immune cell which is directly or 
indirectly involved in mediating or causing a undesired, deleterious or pathologic 
consequence, including but not limited to autoimmune disorders, Transplant rejection, and 
other immune system Imked diseases. The term disease causing entity is used to refer, without 
llmiration, to any molecule, atom, peptide, Jigand, complex, chemical, component, epitope 
etc. that is directly or indirectly involved or associated in mediating or causing a disease or 
disease causing event Including an antibody. Such binding to the entity may be effected 
through the instrumentality of one or more (same or different) roulti Junctional ligands and 
Through binding to any ligand or set of ligands, including receptors, multi-component epitopes 
etc, including for example, tumor "associated", (ie. differentially expressed to advantage fin* 
targeting purposes) epitopes which may or may not or may only be partially present on tumor 
associated antigens, or coram only, for example antigens / epitopes / ligands / receptors etc. 
which arc over-expressed in association with cancer cells; or for example, antigens / epitopes 
/ ligands / receptors etc. involved in immune signaling, stimulatory, co-stimulatory, 
Inhibitory, adhesion or other mteracrions, including without limitation, cytokine receptors, 
ligands associated with Immune cell adhesion (see for example US 5,747,035), ligands to 
which binding results in stimulation, activation, apoptosis, energy Or coatimulation, or ligands 
which differentiate between different populations or subpopnlations or immune cells, 
including sub-populations of B cells and T cells, activated versus non-activated lympocytes, 
diseased or disease-causing cells versus non-diseased / disease causing lymphocytes and 
specific immune cell clones for example those having specific Ig type and MHC-peptide type 
Uganda / and correlative ligands. Examples of such ligands include CCR5, CTLA-4, LFA-l, 
UPA-3. ICAMs eg. ICAM-l, ELAM-I, CD2, CD3, CD4 (eg see OS 6,136*3 10)> CDS, CD6, 
OD18, CD22, CD40, CD44; CI>50, CD86, CD134 and CD154, to name only a few (see also 
US6087475: PF4A receptor, TJS6I35941, WO 01/13945 Such Ugand may also selectively be 
targeted using any dual affinity strategy according to the invention.. 

5. The invention Is also directed to a multifunctional Kgand and a method which comprises using 
the multifunctional ligand to oaaesa the toxicity of directly or Indirectly targeting, for example, 
primarily within (he lymphatic vessel system (see discussion below), cells having well known 
markers that are associated with immune cells, for example, those exclusively associated with 
activated immune calls, in-so-far as such targeting has a role in prolonging or counteracting 
the activated state* destroying the cell (eg. where the multifunctional Ugand is a jmmunotoxin) 
causing tile cell to be destroyed (eg. through apoptosis (eg. sea WO 01/19861, fas — fesL, U.S 
6,046,048) or assisting another molecule or cell for example a T-celi or other killing or 
immune modulating cell to do the modulation or Kilting (markers such as CD23, CD25, 
CD26. OD28, GD30, CD3S, CD49a, CD69, CD70, are just some of the ntarlccrs associated 
with activated immune cells) etc. (for a complete listing of marker associated with activated 
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immune cells see tor example Rota 1 et aL Immunology, abah edition, Mosby 2001 
referenced below and Encyclopedia of Immunology (J 995), Abbas et nl. Cellular and 
Molecular Immunology 2000, Harcourt & Brace, the contents of which arc incorporated by 
reference herein). Antibodies for many such ligands are known or could be readily made by 
eg. phage display (see references herein including J Immunol Methods 1 999 Dec 1 0;23 1(1- 
2): 65-81), and natural Uganda for such markers or functional analogues thereof are in some 
cases known or could be made by recombinant DNA technologies referenced herein (see also 
Cellular St, Molecular Immunology 4* Edition, Abbas Ak et al WB Saunders and Company 
2000, Antibody Fusion Proteins, Steven M Chamow , Avl Ashkenazi Eds. ISBN 0471 18358X 
May 1999 Wiley; Konteimann, It, et *l-(Ed$.) Antibody Engineering, Springer 2001. ISBN 3- 
540-41354-5; Antibody Engineering Carl A. Borrebaeck Oxford University Press, 1 995; 
Antibody Enghieermg:A Practical Approach David J. Chiswell, Heanle R. Hoogenboom, 
John McCafferty Oxford University Press, 1996; Antibody Engineering Protocols, Sudbir 
Paul (1995) Humana Press; Antibody Expression & itogtoeering (1998) Henry Y. Wang. 
Tadayuld i**ft*aira t American Chemical Society). The term modulation is used broadly to 
refer to any change, directly or indirectly, in an immune function or effect, as broadly 
understood. Marry such forms of modulation ore well known in the art (some are exemplified 
herein), and therefore these need not be specifically recited (for a review of such effects see 
for example Roltt I et a!, immunology, sixth Edition, Mosby 2001; Encyclopedia of 
immunology ; (1998) Morgan K&ufiiutnn Publishers, ISW;01 2226765$). 

6. hi one aspect the invention contemplates that the nmhifunctional Iigand exerts its function 
substantially (ie. upon gaining entry into lymphatic system end when bound to the lymphatic 
endothelial cells, which is dependant on the mode of administration) within the lymphatic 
system, on cells and/or molecules circulating through the lymphatic system* for example with 
respect to some embodiments, for greatest effect, to avoid an undeshed degree of 
immunosuppression (for example* embodiments where immune cells are targeted for ablation 
and/or apoptosis). Preferably, such effect, is exerted at least m part, and preferably 
substantially to the exclusion of regions within lymphatic system that house at the time of 
administration non-clrculnting cells (eg. thymus, bone marrow, and various pern of the 
secondary lymphoid tissues) or/and with respect to some embodiments (excluding for 
example those related to unmunization or mopping up toxins or antibodies) preferably, non- 
activated cells. This specificity of targeting can be accomplished in part to the natural 
distribution of the lymphatic endothelium associated marker of choice, the mode of 
administration and various targeting strategies herein described. 

7. For example, the invention contemplates modes of delivery that to varying degrees ensure a 
greater degree of lymphatic system targeting, for example administration directly within the 
rymphatics, adminstration in tissues that drain to the lymphatics or parts thereof; intravenous 
delivery, as are well known to those skilled in the art, preferably in each individual case at 
strategic sites of administration mat are most pertinent or selective for the disease in question, 
to the extent that selectivity is desired. The Invention contemplates a variety of different aim 
muttitunctional llgands (MRU, single domain. scFv, fab, minibodles, P(ab!b, F(aV)a. 
substantially whole antibodies etc. and known or obvious multimers thereof referenced herein 
and in the referenced literature) that are most suitable (eg. for small enough or, for example; 
having longest half life In circulation) for partielar modes of administration to the extent mat 
this is a limitation (eg. size, where drainage into the lymphatic system is sought to be 
increased or optmuzed). 

8. In tv p referred embodiment the Invention contemplates that the immune function exerting 
moiety of the multifunctional Ugand comprises (eg. by way of recombinant fusion, 
conjugation etc.), or binds to (such antibodies are known or may be made by phage, rlbosome 
or other such 'display 1 methods), so as to present the functional part of aft adhesion molecule 
(molecule Involved in ceUular adhesion), for example an endothelial adhesion molecule such 
as a selecting, ICAMs (og. ICAM-), 1CAM-2) V-CAM, MAdCAM-l or functional analogues 
or portions thereof (see fbr example USP61 43298, 5512660, 5861 151, S489533, 5,538,725 f 
6037454, 5565550, Circulation 2001 Feb 27; 103(g): I 128-1134, and specific 
examples/references recited below) fn order to control cell traffic including facilitating cell 
anchoring within the lymphatic system, including for example to facilitate interaction with 
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another "arm" (functional moiety) of the multifunctional ligand or a second 
CtC JPU lfifuncticru>l ligand qtidi immune cell (or a cell-sized latex sphere 89 described herein - 
for this pupose the adhesion molecule may be on the surface of another, preferably 
mulUfiinctional-liaand-anchorcd latex sphere or on a similarly anchored cell) as well as 
combination therapies, for example* with therapeutic entities that enhance or inhibit leucocyte 
adhesion, or multifunctional Uganda or antibodies that hind to one of their corresponding 
Uganda on immune cells (eg. Intergrins) or other ligands eg. C044, to facilitate control and/or 
some selectivity of cell entry into the lymphatic system, for example, for reactivity with die 
multifunctional ligands of the invention. The invention also contemplates (hat such adhesion 
molecules may be the subject of targeting with dual affinity ligands of the invention and that 
such ligands may include a moiety which binds to a lymphatic endothelial cell. 

9. The invention also contemplates mat one or more multifunctional ligands hi which die 
immune function exerting moiety comprises an antibody rype molecule targeted to a 
particular cell surface ligand may be able to mimic effect of such adhesion molecules, as 
discussed below (any such discussion of en antibody mimicking this function is unless 
otherwise stated not intended to limit the broader concept of utilizing any class of molecule 
that would facilitate anchoring or controlling, eg. stowing the passage of cells through the 
lymphatic vessels). It is to be understood that there may be limitations in the number of cells 
that can be targeted for ablation in the lymphatic system by slowing the passage of cells, 
particularly for the purpose herein specified of allowing them the requisite period of residence 
within the lymphatic system for uumune cell targeting or interaction or prolonged interaction 
with multifunctional ligands of the invention for binding purposes while bound to the 
lymphatic system endothelium, for example, certain end stage lymphomaa/leukemJ as. In this 
particular context it Is to be understood mat: I) the invention may have greatest application 
when the multifunctional ligand is administered so as to primarily target cells within the 
circulatory system, or as an adjunct therapy, or for remission or near remission conditions, or 
when combined with hyaluronic acid therapy. For example, the invention contemplates that 
an effective amount of hyaluronic acid is pre^dmlnlstered to tissues draining to the lymphatic 
system so as to initially occupy binding sites on IYV8-1 primarily in the smallest lymphatic 
vessels and thereby nunimize excessive binding within the narrowest vessels. 

10. In a preferred embodiment said first portion Wads to LYVB-1 or podoplantln described 
below. 

11. In a pi efeii e d embodiment, said first portion is fused, conjugated or otherwise United directly 
or indirectly to an unraunizmg moiety, for example an antigen, epitope, mimorope or peptide 
em. pr«emlng/incorporatlng enaiy/scafifold that generates by itself or wim the help of one or 
more cytokines, costimujatory molecules and/or adjuvants etc an immune response to a 
desired antigenic determinant (mis term is used broadly to correspond at least in scope to the 
overlapping groupings: antigen, epitope, mhnotope or peptide), for example an antMdiotypic 
antibody, an antibody component which is capable of binding to a T cell activating entity for 
example a cell (eg. an AFC see Im Immunol 2000 Jam 12(1)57-6*6* or other cell having eg. 
immune modulating activity eg. see USP 6,004,811 ) which is for example genetically 
engineered to express relevant ligands for activating (or wim respect to function* not 
necessarily related to immunizing, energizing, tolcrizing or otherwise modulating the activity 
of), an immune celt for example a B cell or T-cell, for example an MHC-peptide and B7 co- 
sthnulatory molecules for activation of T-cella (see fin* example Proa Natl Acad Set USA 
2001 Jan 2; 98(1)241-246" sea also Tham EL eta}. J of Immunological Methods Vol. 249(1- 
2X2001) pi 1 1-1 19 with respect to latex spheres that can be used for this purpose), or for 
example a CTLA-4 scaffold, a peptide fused to an Fc domain (see WO 01/1 9203) * HSP- 
peptide complex/conjugate, an MHC protein or peptide complex etc. Ant&ody-MHC 
complex fusions and amibody-B7 costfanulatory fusion molecules are known and the 
invention contemplates that fusion molecules wtm anti*Tymphatic marker antibodies could be 
mads and used together for immunization purposes. Jt Is also contemplated that the absence 
of ca stimulatory molecules for presentation in a co-stimulatory fashion whit an MHC peptide 
complex win cause a tolcrizing effect Accordingly the invention is also directed to a 
multifunctional ligand comprising an immune function exerting moiety which comprises an 
MHC, preferably complexed or otherwise linked to a peptide. Peptide linking may for 
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example be effected independent naturally or for example through causing release of 
peptides from an MHC peptide or HSP peptide complex by mjeotmg a weak acidic solution 
into tumor eg. just prior to excision. Suitable such solutions which may for example be 
combined with a cytokine , eg.EL-12 and/or adjuvant are known in the art. 

12. In a preferred embodiment said Immune function exerting moiety comprises an anri-idiotypic 
antibody, for example an antibody that a) mimics, for example, a cell surface expressed tumor 
associated epitope, t virus or other Infectious agent associated surface epitope, a toxin, aa 
immune stimulatory* costimulatory, inhibitory, or otherwise interactive ligand; or b) serves 
to bind to the idiotype (jto. paratope) bearing antibody to which it binds as an onti-idtotype, for 
example an autoimmune antibody* etc. or an a nti b o dy bearing a toxic moiety for removing 
such, antibody from passage into the circulation. 

13. Ill a preferred embodiment, the invention coniemptaKS that the first multifunctional ligand is 
used for development, therapeutic evaluation or combination therapy in conjunction whh a 
second different multifunctional ligand of the invention, to achieve a cooperative effect (for 
example, in the same composition or substantially contemporaneously administered (ic. to 
reach Die same or an interrelated destination in a cooperative time frame) or in necessary or 
desired sequence/interval, etc.). An example of such cooperative effect is an interaction (not 
necessarily simultaneously) with two different immune eel! surface Kgands (for example via 
an antibody binding ratemctton), or to deliver different payloads eg. toxins, to a diseased cell 
see (USP 6,077,499). The invention also contemplates a method of effecting substantially 
coordinated Interaction* of differing temporal end spatial complexities, ranging tram a 
somewhat proximal and contemporaneous delivery (eg. in the same composition) of a first 
multifunctional ligand having, for example, a cancer ceil binding second portion, and a 
second mul t iiun ctioaal ligand having, for example, a cytoVtne binding Ab, eg. to reduce any 
toxic effects associated with toxic levels of cytokine release, a cytokine component (for 
example to harness the effect of such component as a means to attract one or more immune 
cells to kill a diseased cell or to harness the inhibitory effect of such component (eg. using one 
or more cytokines employed by cancer cans to evade immune cell targeting) eg. on un desired 
immune cell elimination or immune cell eUmmation of the multifunctional ligand, or a T-cell 
binding component (eg. anti-GD3) to harness the effects of such component on cancer call 
killing optionally with a concomitant object of assessing possible counterproductive immune 
cell elimination (eg. as would be enabled by using a radlolabelled multifunctional ligand and 
determining me dispesistion of the label overtime) of the multifunctional ligand. 

14. Also contemplated are methods to implement more spatially and/or temporally sensitive 
Interactions, for example, when administered in empirically determined suitable proportions 
and m empirically determined sufficient total amounts for, at least, partial and/or local 
lymphadc-vessel-sssoctated-iigand saturation or partial saturation to achieve proximal 
binding of a first to second multifunctional ligand (having regard to the route of 
administmtion eg. local saturation can be more readily accomplished by administration into 
the lumen of the lymphatic vessel). Two different such, multifunctional Uganda may be used, 
for example, to deliver two different immune function exerting moieties in substantial 
proximity to one another for contemporaneous interaction with two different ligands on an 
immune call (ie. when it approaches the luminal wall of a lymphatic vessel). For example, this 
approach may be used to implement one or more effects mrJurilng increased avidity to die cell 
for prolonged cell anchoring, which may positively impact on desired (in some embodiments) 
transfer of die multifunctional ligand from the rymphatic vessel wall to the target cell eg. for 
achieving an inhibitory effect via ligand binding (eg. assessed via duration of multifunctional 
ligand binding eg. quantitative or r&rttoiraage approximated label eluTUnationXN.B. this effect 
may be assessed with multiple copies of the Same multifunctional ligand), delivery of a 
cooperative payload eg. different entities which contribute to the same or a different 
mechanism of celt killing, counterparts in a two component interaction (biotin-avidm), which 
preferably yields evidence (preferably quantifiable evidence) of the Interaction, for example 
an enzyme-substrate Interaction to quantitatively assay die amount of an enzyme converted 
substrate (eg. using a conjugated prodrug and prodrug conversion akin to ADEPT and 
assessing the extent of prodrug conversion eg by labeled anti-drug specific antibody). For 
example, the invention contemplates the use of a respectively linked catalytic antibody 
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component (see for example US56S8753:Catalyt2c antibody components) and labeled 
substrate or RM Ansa and labeled Rtf A etse.for this purpose. Another example, discussed la 
more detail below is the use of one muhtfunctlooal llgand tor targeting (selectivity) purposes 
and another for implementing directly or Indirectly a desired therapeutic effect* both ligands 
optionally being required to to give rise to a substantial probability of binding (the invention 
also contemplates that fists strategy could be used with a single multifunctional llgand having 
two intra-lurolnally directed binding moieties). 

The invention contemplates that such Interactive entitles maybe conjugated fused or 
otherwise linked to a respective first and second multifunctional llgand far achieving a 
cooperative interaction between adjacently bound such ligand*. 

The invention contemplates that aajacentiy interacting multffiinctional Uganda yielding 
detectable evidence ofthe interaction, could be use in a method to assess eg. a) luminal tigroid 
saturation £br dosing, b) multiple simultaneous binding interactions, and c) perhaps most 
spatially sensitive, development of a process to achieve cross-linked binding with multiple eg. 
immune cell Uganda eg. a cosdmulatory Immune effect (le. the effect of different 
simultaneous interaction* eg. cm stimulation, inhibition ctcof eg. an immune cell tor example 
combining a first murtifimctional llgand capable of selectively binding to, conjugated to or 
fused to a B7compmumt (see J fmmunoAer 2001 Jan-Feb; 24(1)^7-36,* J Immunol 2001 Feb 
15; 166(4):2505-2S 13; Cnalitta PM et al. J. ImmunoL J 60*34 19-3426) and a second 
pmMflwcriMiai ligand capable of selectively binding to. conjugated to or fused to fin MHC 
molecule delivered Hirtrally with or wthout peptide. For example, the invention 
contemplates using various amounts/proportions of multifunctional Uganda having antibody 
components fused or conjugated to or capable of binding selectively to, for example an MHC 
class I or 11 peptide complex and recombinant B7-1-FC and/or B7-2-Fc respectively (see Eur J 
Immunol 2001 Jan; 31(1)32-38; Eur J Immunol 200 1 Feb; 31(2^440-449) (for tumor 
reactiv© peptides see far example JImmunothtr 200 1 Jan-Feb; 24(1): I -9). In this tatter 
connection (cross-linking type interaction), anoYorfdr permanence of binding or can of 
attaching other cooperative entities (for example biotin coated or conjugated radionuclides, 
liposomes or other payload carrying entities (eg. see for example US patents 54396*86, 
6007845, 5879712, 54569)7, 6165502, 5079005, 5888500, S861159, 6193970, 6190692, WO 
00/69413, WO 01/07084) the invention contemplates bmtinylatrag the two multifunction!! 
Uganda and linking the two biotinyleted cooperative mulnincti&nal llgands with avidin, 
strcptavldln (or other modified forms thereof eg. degrycosysylxted avidin or using other 
complementary finking Components- see eg, US Patent (USP) 6,077, 499). 

The Invention also contemplates enhancing the cross-lhucing ofthe rimltinmctionnl ligands of 
the invention through coznplem emery components such as blotin and avidin. 

Preferably, with respect to, for example, increasing selectivity of targeting certain cells (eg. 
to Induce immune tolerance), the invention also contemplates that a first multifunctional 
ligand is rued to bind to a marker specific to a particular kind of cell (eg. activated immune 
cells) end a second multifunctional ligand (which may not be specific for activated immune 
cells) Is used to modulate the activity ofthe immune cell (for example inactivate it or reduce 
its disease causing capability directly or indirectly by binding to it ). for example, where the 
marker is used to determine die selectivity of me targeting but cannot be used for modulating 
its activity, it is contemplated that the functional affinity of one or both the first portion and 
second portions of one or both ofthe cooperating multifunctional ligands can be selected to at 
least partially control die selective modulating effect of xho pair, for example both interactions 
would be recused for the second multifunctional llgand to have an optimal opportunity to 
bind. For example* the functional affinity for the target cell is relatively weak tor the purpose 
of attaching to the eg. unmunc cell fern sufficient duration (eg. SO as 10 yield me effect of 
becoming attached to the immune cell in preference to the lymphatic vessel), compared with 
that of the first multifunctional ligand (ie the one that accomplishes the selective recognition 
through binding) to reduce the likelihood that the second moiety will bind in tha absence of 
binding ofthe first moiety (notably a similar type of coordinated Interaction ic. two binding 
interactions, is naturally used for cell adhesion). (NB. this type of coordination has application 
ie. both specificities are optimally required tor binding, to a single multifunctional ligand, 
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having a divalent immune function exerting moiety eg a triabody or retrabody or for crow- 
Unking and after type* of coordinated interactions). In a preferred embodiment, If transfer of 
binding of the fh^t multifunctional Hgsnd to the immune cell Is not desired Its fractional 
affinity of the first portion to the lymph vessel can be greater than that of its second portion, 
while the reverse could be truo for tho second nroltrnrnctiona) ligand, ft will also be 
appreciated that antibodies which cross-link lor example an integral and a marker of immune 
eel! activation could be used to Kmii the number of activated immune cells (hat migrate 
through the lymphatic system. For example bispecific d Aba, diabodies, ate. in which the 
functional affinity of each specific binding portion tadjvlduaUy does not srongly favour 
blading, could be used to selectively target specific sub-popuWons of Immune cells or even 
specifically activated Immune ceils (for example antibodies chat recognize particular antigen / 
peptide specific T cell or B cells). 

19. Accordingly, more generally speaking, the Invention is directed a blspeoifio ligand, preferably 
a bispeciftc antibody, having a first portion which binds to a ligand which differentiates 
between members of the same immune cell population (eg a particular type of T cell) and a 
second portion which binds to a second ligand on the same cell, which binding exerts directly 
or indirectly a desired effect, wherein the functional affinity of said first and second portions 
are selected so as to substantially increase amount of immune cells in which both such 
portions are bound to their respective ligands relative to those which a single such portion is 
bound to a single ligand and preferably wherein the amount of immune calls to which the 
bispecific ligand is not bound is substantially greater than the number of immune cells mat are 
not bound when compared to using a bispecific ligand having the same specificity and for 
example e 10* to IQ^profbrably 10 J to 10* preferably 10* to 10*, preferably 10* to 10 3 ) 
increase in affinity of one or both portions. This invention also contemplates thai binding to 
the ligand which differentiates between members of the same population (a particular type of 
T cell) docs not have a negative consequence other than to cause the molecule to be 
ineffectual unless both of its portions are bound and that its binding is itself sufficient for 
binding and/or stronger relative to the second portion by two fold to 5 orders of magnitude 
^preferably 1 to 3 orders ofTrmgnitudc, The term substantially greaser imports medical 
significance add may preferably be 15% • 10000% greater. Tho foregoing examples are not 
meant to be limitative, 

20. In a preferred embodiment, the Invention more hToadly speaking contemplates a two ligand 
interaction (using one or more muWfunctional ligands) wherein for example both are required 
or increase the likelihood of interaction and wherein the interaction of at least one contributea 
to specificity, though not necessarily to modulation, thus permitting a broader selection of 
modulators including those that but for the selectivity enhancing effect of the cooperating 
ligand end the lymphatic system venue, would be toxic ut me desired Ui erap euti c dose. 
Examples Of markers that could assist in selectivity include those are unique to, for example, 
activated B cells or T cells or those having particular speaficnes in virtue of unique Ig type 
receptors. Examples of ligands on, for example Immune cells, through which 
modulation/lnrdbltion/stimnlfltion etc. (including, for example epoptosis), for example by 
antibody binding or supply of a natural interactive ligand, ere well known. Some examples are 
provided herein. Combinations and permutations of markers and ligands for selectivity and 
exerting an immune effect such as modiJation/inhilrition/5.tirnu!ation referred to herein or in 
me Utereture Incorporated herein by reference or well known In the art are contemplated to be 
within the scope of the Invention, 

21. It will bo appreciated mat a combination of meters, such as dose, using additional molecules 
that Increase or decrease migration or adhesion optionally In a tissue targeted manner, route of 
adrninistration (eg within tissue that best drain to lymphatic vesssels or a portion chextoi). use 
of cytokines, etc and immune modulating drugs, as well combination therapies with known 
entities, can be employed in various combinations for strategies of harnessing the unique 
properties of the multifunctional ligand of the invention, to achieve a selectivity e nhan c ing 
end/or modularory/lnhibitory/Mimiilatory ere or otherwise cooperating effects with respect to 
the desired target population ofcelh. Unless their function are selfcvldently conflicting die 
invention contemplates all permutations of tie nonfunctional ligands disclosed herein or In 
the Uterature incorporated by reference hererin as well as theiC evident to persons skilled in 
the art whoso mention is omited. 
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22. In t preferred embodiment, flic immune function exerting moiety bind* with greater 

functional affinity to lis target ligand than said first portion binds to lis target ligand. For 
example said immune function exerting moiety may bind with greater avidity (preferably at 
least 2 times greater (divalent vs. monovalent) and lesser or greater affinity (eg. within a range 
of Ix CO* 6 to 1x10 s fold) or with the same avidity and greater affinity (eg. up tnlxlO* fold), m 
applicable aspects, me invention contemplates that mis increased functional affinity can be 
employed to effect transfer of a lymphatic vessel bound multlfuncdonal Ugand (eg. a 
blspedfic antibody) to a cell passing through lymphatic system. The invention also 
contemplates a method comprising radioWbellinff the murtumcttonal Ugand to assess, for 
example, the degree to which immune cells at a disease she have passed Through the 
lymphatic system. Certain aspects of the invention, discussed herein, relate to a 
multifunctional ligand based system of targeting a particular immune cell ligand for 
stimulation* inhibition etc, predominantly within select portions of the lymphatic system that 
contain migrating cells (although some genera) targeting can controllably occur before the 
multifunctional Ugand binds to the lymphatic system or when Hie nuittifunctional ligand 
releases from the lymphatic system without having found its target within the lymphatic 
system) will have at least a partially selective effect on targeting disease causing/mcdiaung 
immune cells (eg. activated with a specificity that causes the disease) as opposed to non- 
disease causmg/mem'ating cells, in the case where such ligand is also expressed on such other 
Immune cells eg. of the same type eg. T cells* This permits targeting of immune ceils 
primarily within the portions of the lymphatic system that contain migrating cells particularly 
disease causing/m ediating cells While minimizing immune system dysfunction. This effect 
can be even more selectively accomplished, for example, by delivering the multifunctional 
ligand directly into the lymphatic system and whhln a tima frame which Is shorter that ihc 
normal duration ofbrndiug of the inulttfunctional ligand determining the degree to which the 
nwltinmctions! ligand is bound to such diseased related cells at the disease site and similarly 
the degree to which it is bound to the cells unrelated to the same disease eg. via radlolabel. As 
discussed more fully below, the Invention also contemplates a multifunctional ligand based 
system of opening me effect* of certain) types of Immune stimulation eg. how stimulating 
enhanced migration or adhesion, will differentially affect disease activated cell migration 
through the lymphatic system to enhance such disease cell targeting within the lymphatic 
system. Tor example, for tumor cell targeting and stimulation of disease-activated immune 
cells the invention contemplates evaluating cytokine (eg. TNFo) linked antismgiogenic 
marker antibodies, optionally, preferably in combination with anti-tumor vaccination 
strategies, to direct disease activated immune celts to tumor site and the lymphatic system for 
further Immune stimulation. Based on a "bait and trap 71 type approach, Hgands such ns OX4QL 
and CD44 may also be assessed for this purpose. 

33. In this connection and more generally the invention also contemplates using a bi-speciflc 

antibody* example having a lymphatic endothelial binding first portion and for example a 
cytokine binding second portion, wherein the cytokine binding portion has a lower 
functional affinity for the cytokine (for example 1 x 10 -6 to 0.9 fold) compared with that of 
its natural receptor on an rmmune celL It is contemplated that a multifunctional Ugand of the 
invention could be used optionally in conjunction with a rmihtfimctional ligand which 
displays a functional adhesion molecule (a seJeetfo, 1CAM, etc.) to assess the optima] 
parameters for transfer of the cytokine, for example, as Is known to occur by monitoring the 
afreets of cytokine release attributable to such cytokine transfer. It will he appreciated that 
this information or approach could be used to optimize the binding parameters for other 
Iigands as welt (eg. and CD3) end could be employed not only In lymphatic system but to 
locally deliver Inhibitory or stimulatory cytokines or other llgands to certain tissue targets, for 
example new blood vessels forming within tumors or other tissue specific markets. 

24- The foregoing strategies could be used as pan of a primary, adjunct or low disease burden 
therapy. 

25. In a preferred embodiment, the second portion comprises a Ugand wjiich is capable of binding 
to en unraune cell far example B cells, T cells etc, preferably in one embodiment to assist in 
cell killing or immune modulation of a target cell (re NK cells see for example US 
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57703 87Xscc also US6071517:Bispccifio heteroantibodies with dual effector functions; 
Bispecific antibody-mediatod destruction of Hodgkm's lymphoma calls. J Immunol Methods 
2001 Fob 1 ; 248(1-2): 1 13-123; Bispecfflc antibody-targeted phagocytosis of HERr2/neu 
expressing tumor calls by myeloid cells activated in vivo J Immunol Methods. 2001 Feb 1; 
249O-£):I0M82 as won M/fmanw/ Methods 2001 Feb 1;248£1-2):103-1U). 

26. With respect to avidity, affinity and other elements of design including size, blood clearance, 
additional functionality etc.the multifunctional ligand may be, for example, a bispecific 
antibody having a monovalent first portion and a monovalent second portion, a bispactfic 
antibody having a divalent first portion and a divalent second portion, a trlvalem trispeciflc 
antibody having a monovalent first portion and a second portion comprising a monovalent 
immune function exerting moiety which binds, for example, to a target Ugand on a target 
diseased, disease causing or immune cell, and for example, a monovalent portion which binds 
to an immune cell which assists in killing or modulation for example enti-CD3 or anti-GD28 
antibody component, a tetravalent trispecific antibody having a monovalent first portion and a 
second portion comprising a divalent frnmunB function exerting moiety which binds, for 
example, to a target ligand on a target diseased, disease causing or immune cell, end for 
example, a monovalent am>CD3 oranti-CD28 antibody component (It is contemplated thar 
mis orientation might advantageously position the anti«CD3 component for interaction with a 
T-oell almost exclusively when the first portion is not bound to the luminal wall of a 
lymphatic vessel), a divalent bispecific antibody having a monovalent first portion and a 
second portion comprising a divalent immune function exerting motay, for example, one 
-which binds, for example, to a target ligand on a target diseased, disease causing or immune 
cell. The antibody subunit may be for example, a Fab, a substantially intact antibody, a single 
domain antibody (sea also Hufian SB. Dis Markers 20Q0;16(1 ,2)37 Single domain human 
immunoglobulin fold-based blomolecules; Antigen specificity and high affinity binding 
provided by one single loop of a camel single-domain antibody. I Biol Chem. 200 1 Jul 
13276(28)26285-90. Optimal Design Features of Carnalized Human Singlo-domain 
Antibody Libraries. J Biol Chem. 2001 Jul 6^276(27)^4774-24780; Recognition of antigens 
by single-domain antibody fragments: the superfluous luxury of paired domains.TrcndS 
Blochem Sci. 2001 Apr£6X4)230-5; Llama heavy-chain V regions Consist of at least four 
distinct subfamilies revealing novel sequence features. Mol Immunol. 2000 Aug£37(10):579- 
90) a nrmibouy an scFv or a minimal recognition unit (MRU eg see 0S6 1 7469 1 rMmunum 
recognition unit of a PEM mucin tandem repeat specific monoclonal antibody). 

27. In a preferred embodiment, me multifunctional ligand binds to an immune cell which is 
associated with an auioimmunc reaction, for example a CCR5-expresaIng cell, (see also 
Apoptosis genes and autoimmunity. Cunr Opta JtemunoL 2000 Dec; 12{6):7 19-34. for 
application herefn) 

28. In a preferred embodiment, the second portion comprises a cytokine component. 

29. In a preferred embodiment, the second portion comprises a cytotoxic component. 

30. In a pngfenad embodiment me second portion of the multtfimctional ligand comprises an 
iivternal i^Jiig antibody and a cytotoxic component. 

31. In a preferred embodiment, the second portion consists of aa antibotry which binds to T cells, 
for example, an anti-CD3 antibody or an anti-GD28 antibody. 

32. Tn a preferred embodiment, the second portion consists of a cytoWne component 

33. Tn a preferred embodiment, the second portion comprises an antibody which binds to a target 
diseased, disease causing or immune cell and further comprises one or mom components 
selected from the group consisting of a cytokine component, a cytotoxic component and an 
nnti-CD3/CD28 component. 

34. la another aspect the invention is directed to a composition comprising a multifunctional 
ligand and a pharmaccuticalry acceptable exciplent, 
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35. in another aspect the invention is directed to a composition comprising a plurality of different 

multifunctional Uganda. 

36. In another aspect the invention is directed to methods and compositions for developing and 
evaluating the therapeutic value of stimulators, mediators, inhibitors etc of immune cell 
signaling (eg. stimulatory, inhibitory, eustmwlatory), adhesion, migjHtion^etc. including the 
effects of Ugandftcceptor blocking and supply of specific cooperative Uganda using the 
multifunctional ligand* of the invention. 

37. In a preferred aspect the multifunctional ligands of the invention may be used to assess the 
effects of such compositions on (he sub-populaton of cells mat migrates into lymphatic 
vessels. Id particular, the invention is directed to assessing the expectation that some disease ' 
causing, mediating or otherwise disease active immune cells have an enhanced 
ehillty/opportimiiy (and/or can be enhanced in their abUhy/oppornmiry to make their way into 
die lymphatic system) so that targeting of relevant ligands on that sub-population of cells 
within the lymphatic system will cause at least a partial selective targeting effect preferably 
with positive effect on the dosing capability and choice of Uganda ie. in terms of limiting 
more universal and/or deleterious consequences. The invention la also directed in a method of 
reducing die toxic side effects of a pharmaceutical composition comprising a multifunctional 
Ugand In which the Immune function exerting moiety is Targeted to a ligand mat is not found 
exclusively on disease causing, mediating or otherwise disease active immune cells, by 
administering said composition in a. manner in wbich.it enter more directly lam rite lumen of a 
lymphatic vessel, (ft contemplated that immigration within the lymphatic system can also be 
enhanced in virtue of such selective targeting*) In particular, the invention is directed to a 
multifunctional ligand, apharmaceuticaUy acceptable composition therof and method of using 
same for assessing enhanced migration or enhancing migration of disease-active Immune 
cells, said multiiunctlonal Ugand comprising an immune function effecting moiety which has 
an immune effect on «n immune cell surface Ugand ie. effects including signaling (eg. 
sdmuiatory* inhibitory, costimulatory, antagonistic, agonistic), including lor adhesion and 
migration effects»etc. This may be acoompftsed practically, for example through 
Ugand/receptor blocking eg. via antibody, or by antibody fusiona/comugittt etc that supply 
the natural ligand or a functional fragment or chemictuTbloloigical mimotopn thereof. Tn a 
preferred embodiment the invention is directed to a multifunctional Ugand in which the 
immune function exerting moiety is an antibody Chat binds tn a ligand selected, fin* example 
from the group consisting ofCTLA-4, IL-2 receptor, CCR3, CD44, CD134, CD3, CD28, 
CD2. 

38. Tn another aspect the invention is directed to a composition comprising a plurality of different 
multifunctional Uganda which exert a potentially cooperative immune effect with respect to an 
immune cell, for example binding to two or more different Uganda on an immune cell 
wherein said Uganda are selected, for example from the group consisting of CTLA-4, DL-2 

receptor, CCR5, CD44, CD 134, from any of the ligands herein mentioned or referenced or 
preferably CD3, CD28, CD2. 

39. The invention is also directed to a method of inhibiting metastasis dining the course of 
surgical removal of a tumor «>7npranifl admhu^tering to a patient prior to surgical treatment 
of the tumor site, a pharmaceutical composition comprising a munirunctioriAl ligand in which 
the Immune function effecting moiety binds to a tumor associated epitope on a cancer cell. 



40. fh another aspect the invention is directed to an immunocytokine having an snti-idiorypic 

antibody component which recognizes the paratope of an antibody which binds to a lymphatic 
vessel associated ligand and a cytokine component fused therewith or conjugated thereto. For 
example the cytokine component comprises IL-2 or a functional fragment thereof and/or IL* 
12 or a functional fragment thereof, In addition to their individual use in fusion proteins for 
tumor cell killing, combinations ofH-2 and U-12 have been used successfully for this 
purpose. It is contemplated mar such cytokine fusion could be used to target T-ceils or 
phagocytic cells to a multifunctional Ugand that has bound to its disease causing or diseased 
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cell target, preferably having left the lymphatic vessel endothelium In preference fox binding 
its target In this connection h is contemplated thai the fractional affinity of the antWdlotypic 
Ab fiar the first portion would be less than that of the first portion to the lymphatic 
endothelium, so as to minimize competition between the two. It is also contemplated that the 
delivery of the lmmunocytoldns occur substantially contemporaneously but separately and 
after that of the multifunctional ligand, optionally by a different route of administration. 

4 1 . Similarly the invention contemplates for the same purpose, a burpecific antibody having an 
an&Mdiotypic antibody component which recognizes the paratope of an antibody which binds 
specifically to a lymphatic vessel associated ligand (preferably with lower affinity than that of 
the Ab for ha target) and for example an immune cell binding portion eg. an arcti-CD3 
antibody or an antl-GD2S antibody component. 

42. Thus the invention ii directed to a method of targeting a dressed' or disease causing cell for 
dc&txuction fay the Immune system comprising administering separately but substantially 
contemporaneously to a subject hosting me diseased or disease causing ceU, preferably in 
sequence with en interposed interval and/or by different routes of administration, first a 
multifunctional ligand la which the Immune function effecting moiety binds to a diseased or 
disease causing cell surface associated epitope, and en utmiuno cytokine or blspeclflc antibody 
as decribed zn the immediately preceding two paragraphs. 



43. In a preferred embodiment the invention contemplates modification of the multi-functional 
ligand to substitute one or more amino acids which reduce without functional impact on the 
molecule the number of hnmnnogenic MHC O class peptide sequences within the molecule. 
This can be accomplished through procedures available to those skilled in the art, for example 
through the DeXxmrnmisotion services of Biovatloa Limited (see also US 5821 123 and related 
Xoma> patents). 

44. Inasmuch as the invention is predicated on Intraluminal lymphatic system targeting such 
lymph associate n may be alternative^ implemented* in suitable circumstances by the method 
of delivering the muftrnmctlonal ligand, for example into the lumen of a lymphatic system 
vessel or (where the multifunctional ligand is not of an unsuitable size (see for example 
Ikomi, F. et al. Lyraphology 32 (1 999) 90-122, within a portion of body that drains to the 
lymphatic system (le a portion of the lymphatic system), for eventual migration to the 
lymphatic system. Particularly, with respect to embodiments of the invention in which the 
immune function exerting moiety is targeted with greater functional affinity to a therapeutic 
target (ie. not the lymphatic system target), such lymphatic system oriented modes of delivery 
coupled whh preferred targeting to the therapeutic target may combine, absent saturated 
binding to the therapeutic target; to better accomplish functional lymphatic targeting. 
Accordingly, in a broader aspect the invention is directed a lymphatic system targeted 
multifunctional ligand in which the scoond portion is as described herein and in which the 
specificity of me first portion exclusively for a Lymphatic system la Inessential. In this 
connection, the Invention contemplates targeting markers on lymphatic vessels that are also 
present, ror example on blood vessel endothelial cells (eg. VEGF2). (wife respect to lymph 
specific markers see alsoBirner P. et al Clin Cancer Res 2001 Jan; 7(l):93-7 "Selective 
unmunohiatochemical staining of blood and rymphatic vessels reveals independent prognostic 
influence of blood and lymphatic vessel invasion in early-stage cervical cancer 11 and 
published references to die markers therein mentioned.) 



45. To the ease of purely sustained release aspects of the invention where the first portion is 

temporarily anchoring fl second portion for eventual release back Into the circulation, the use 
of term immune function affecting moiety with reference to the role of the second portion 
does not adequately accommodate the breadth of the invention since any form of disease 
palliating active moiety or entity which exerts its effect elsewhere than at the lymphatic 
endothelial cell may gain advantage from this form of delayed delivery (depot afreet) or 
anehoring. 
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46\. Furthermore, in another preferred aspect, the second portion is capable of binding directly or 
indirectly (eg. binding to an entity which in turn bind* to a target entity) to a target entity, fbr 
example a therapeutic entity (fbr example to mop up excess such entity that does not 
immediately teach its target (eg. an entity that is toxic elsewhere in the body), a toxic entity 
including an entity which ia not per se toxic hut the presence of which is undesirable at a 
particular time or in particular amount or concentration (eg. a cytokine, fbr example when 
released as a resale of and-CD3 Therapy), to redirect an an entity to a target, fbr example a 
therapeutic entity, fbr example through the instrumentality of an antibody portion that is 
directed to That target Geg. a multifunctional ligand In which the second portion comprises an 
anti-tumor antibody p ortion that is conjugated to strcptavidin, to retarget bictrri conjugated 
radionuclide hack to the tumor (see Martin J. eta! (1997) Cancer Chemother, Pharmacol. 
40:189-201), to temporarily anchor liposomes or other earners of entities (eg. drugs) having 
an direct or indirect beneficial effect elsewhere. 



In a preferred embodiment the invention provides a multifunctional ligand having, at leasts a first portion 
which binds to a lymphatic vessel associated antigen/receptor (and thereby exerts, not necessarily to the 
exclusion of other effects) at least an anchoring Amotion, and a second portion having at least one 
independent immune function. The term "burntine function" is oread in intent including out not limited to 
direct or indirect and primary or corollary effects related to simple targeting, tolerance, snmanization, 
stimulation, inhibition, modulation or various other rmname related effects (other than simply forming part 
of the entity which blocks the lymphatic endothelial associated Hgjuid)- The term independent is used to 
exclude only an effect specifically targeted towards the ligand (blocking) or cell bearing the ligand to 
which die first portion of the multifunctional ligand is bound, which is l&£SBSBBVteS&A as on object of the 
invention. The invention contemplates rather that the immune function is exerted, tor example, vis-a-vis 
immune cells or molecules or against cancer or infected ceils to afreet an hmnune function that relates to 
assessment, diagnosis, therapeutic modeling, or treatment of various disease states such as autoimmune 
disease, transplant rejection, cancer and infectious disease. lot a preferred embodiment, the invention 
contemplates that the independent fmmune function is exerted through a physical ligand-Ugand Interaction. 
In a preferred erjhturrrnimt teirniitifimclionfll figand has an ability to bind in the mamrar of an antibody in 
virtue of at least one of the first or second portions, and preferably at least the first portion. The lymphatic 
system directed first portion may in some embodiments (LYVE-1) bo hyaluronic acid or analogues thereof 
that have the appropriate binding capacity. In a further preferred ernhodiment the second portion binds to a 
target ligand on a call or molecule (eg. a cytokine or autoimmune antibody) which passes through the 
lymphatic system. In a more preferred embodiment the multifunctional ligand is a biapecifc antibody. The 
term antibody is used to refer to any antigen binding fragment of an antibody that substantially has the 
binding capability of an antibody including anti-idiotypic antibodiBs, and therefore the term bispeciffc 
antibody is used (unless the context implies a more specific usage) in a functional sense to refer to at least 
two different specificities (including trispecift antibodies etc.) and Includes well known entities which are 
diabodies, triabodies, tetrabodies, irunibodies, acFv dtmers, etc, and entities in which one or both binding 
moieties arc scFv or Jingle domain type antibody fragments or dlmeri etc of such fragments (with respect 
to single domain antibodies sea for example Came! cangle^cmrain antibodies as modular building units in J 
Biol Chan. 2000 Oct 25, & MnUigan-Kehoo VJS. patents )- 

The term "anchoring function" is used broadly to refer to physical attachment fbr a period which renders 
the second portion of the rnuhl-fiinctionak ligand capable of exerting its immune function. For example 
where the function of the second portion is to interact with a cell passing through the lymphatic vessels, for 
at least a period which permits sufficient interaction for the desired eJQfeet. 

The term ligand is used very broadly herein to refer to any moiety, preferably in some cases, a specifically 
interacting moiety including binding moieties (eg antibodies, receptors etc) and bound moieties (eg 
antigens, epitopes etc) and/mohidzng otherwise interacting moieties (eg. chemotactic interactions or 
interactions that require multiple points of Interface eg. cross-lmkhvg or multi-component epitopes). In 
Other words, the term ligand is used broadly to refer to any entity or part thereof which can be subject to an 
unemolecuiar interaction that can result in binding- The term moiety is used broadly and nonJrmitarJvely 
to refer primarily to a functional pan of an entity, and may refer to even the whole of the entity depending 
on the context in fight of the broadest concept of the invention. 
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Optionally, depending on the mode of delivery and the relative functional affinity of the respective first and 
second portions, the muiii-fiinctional Ugandg of the present Invention, may exert their immune function 
primarily in lymphatic system and also significantly before and optionally after entry Into the lymphatic 
system, in a preferre d embodiment the muttifnnctionat ligand is capable of simulating a depot effect by 
binding for a prolonged period to the intraluminal lymphatic endothelium for later release over time back 
into the circulation. The choice (avidity effort resulting from multiple binding "arms 1 *) and affinity of the 
binding molecule as well as various, preferably controllable fcctors impacting on any "undulating" 
movements of the r/mpbaticvessels (eg. water consumption)or competitive binding Is contemplated to 
impact the binding time. 

With respect to the depot and delivery aspects of the invention discussed herein, it is contemplated the 
second portion of the multi-functional ligand of the invention may have at least primary medicinal effects 
mat are not immune function related aa broadly understood. 

It is to be understood rhat a use of a slash (0 means the broader of "or" or "and/or" unless to the context 
dictates otherwise. 

Some immune interactions require, prefer or am capable of being enhanced via coordinated ligand 
Interactions, tor example for optimal immune stimulation, for example, specific coatimutatory It&end 
Interactions eg. CDSO/CD&c* interactions with CD28. or for example, mterattions aimed at tolerizrag or 
otherwise inhibiting or reducing immune effects or preventing such inhibition (for example using anti- 
CTLA-4/CD152 sea related U.S. patents, for example 6,05 1,227, 5,844,0*5) (see also Hodge J W etal. 
Ernst Sobering Res Found Workshop 2000 (30): 23-52 and taunwiologicill Reviews Vol 172 Dec 1999, 
Entire Issue). 

The invention contemplates modeling evaluating andVbr effecting these mtornctions for therapeutic 
intervention within the lymphatic system through the substantially contemporaneous use of different 
multifunctional llgands of the Invention. Furthermore, control of the relative proportion of each of the 
different Uganda permits different spatial tottxspersion of these Kgands on the irraalnrmnal sutaco of the 
lymphatic system (primarily) so as to provide controlled variability of spatial configurations appropriate for 
optimizing the coordinate interaction with multiple Uganda on another entity, for example immune cells or 
cancer cells. This stramgy also permits controls on avidity that extend beyond the choice of valency for a 
given single multifunctional Hgnnd for controlling die nature and duration of the coordinate interactions 
including the duration of temporary anchoring, for example to allow cancer cells to be killed by immune 
cells, as well delivery of, for example, cytokines (through cytokine antibody fusions)* superamigens etc. to 
the site of interaction. Such coordinate Interactions may be substantially contemporaneous or sequential, for 
example the effect of a first interaction with a first multifunctional ligand slowing the progression of a cell 
or infectious agent through the lymphatic system for eventual rectum with another first multifunctional 
ligand (ie of the same type) or reaction with a second type of multifunctional ligand. The invention also 
contemplates as a strategy, alone or in combination with other strategies: 1) delivery of a multifoncilonai 
ligand of the invention to a particular site of action for the purpose of exerting, for example a- local effect, 
with the result of causing foe multifunctional ligand (whether or not it has exerted its effect, provided that 
or to the extent that it remains functional in at least one aspect) to subsequently be targeted to die lymphatic 
system for exerting a second effect (be it the same or a different disease counteracting effect) including 
simply elimination, or retain back to die circulation (ie. where the ligand Is selected (eg. based on size, 
immunogenichy etc.) to be preferably minimal ry elrminated (at least not maximally eliminated) by the body 
in the course of its circulation, having regard to competing design considerations) for example, in the case 
of multifunctional ligand which is an anti-tumor ligand that has some residual binding to normal tissues, to 
set vp, in effect, a site of competitive binding that advantageously impacts ( icreduces) undesired binding 
more man desired target binding; 2) delivery of a multifunctional ligand of the invention or an entity that 
binds to a multifnncttonal ligand of the invention to a particular site of action eg. local disease mediating 
immune cells, for the purpose of simple binding with foe expectation that a delayed Immune or other 
effect will be exerted within the lymphatic system. Accordingly, the Invention is also directed to a 
composition comprising at least one ami optionally a plurality of different multi-functional Uganda of foe 
invention. The invention Is also directed to such a composition when combined with a pharmaceutical^ 
acceptable carrier for example those that may bo suitable for one or more of the various well known and 
hereto fo re used routes of adrainifltratioa including intravenous, intradermal etc which (for present purposes) 
are preferably not incompatible with delivering a multifunctional ligand of the invention to the lymphatic 
system. The Invention is also directed to therapeutic compositions comprising a multifunctional ligand of 
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the invention and to method* aftrtamicnt using such composition*. The Invention is also directed to 
method of : 1 ) evaluating die therapeutic effect of a particular therapeutic entity against a particular target 
with reduced effect on nndasired targets; 2) ftdlitating elimination a therapeutic entity; —by 
administering the therapeutic entity as part of or in circumstances which permit interaction with, a 
multifunctional liaand of the invention. 

The invention also contemplates CRRmdating particular portions of the lymphatic system to localize die 
delivery of a multifunctional ligand (see United States patent 4,91 1,^90 ) , for example 1) to accommodate 
or further accommodate the treatment of conditions In which the immune affecting molecule has an 
undesirable systemic or localized side-effect if delivered otherwise; 2) for the localized delivery, as 
required, oflarger molecules, complexes (eg. Cor temporarily anchoring MHC-pcptide complexes) or 
otherwise associated (at leost temporarily) entities (ic. associated other than through complex formation) 
etc. and/or 3) for the localized delivery of additional compositional dements eg. adjuvants, cytokines (sec 
Immunological Reviews 2000 Vol 1 77 p. 5^246; Nature Immunology Feb 2001 Vol 2 No. 2 page 89), ox 
for affecting only subsets of populations of cells or molecules max pass through me lymphatic system or a 
desired portion of the lymphatic system or are found with greater concentration withm the lymphatic 
system The invention also contemplates methods of selective, enhanced or localized, targeting/ delivery by 
administering multifunctional Uganda of the invention as well as methods (including methods directly or 
indirectly employing the multifunctional Uganda ofthe invention) of enhancing /inducing entry of cells or 
molecules, particularly immune cells (5e. cells having nn Immune system function as broadly understood) 
or subsets thereof, to the lymphatic system or a portion of the lymphatic system, for example for the 
purpose of direct or indirect interaction with the multifunctional brands of the invention (In order to be 
acted on directly or indirectly . by multifunctional ligands of fan invention) or for recruiting cells that will 
for example kill or modulate the activity of other cells, for example kill cancer cells or infected cells that 
will have* are having or have had direct or indirect Interaction with the multifunctional tigands of the 
invention, as discussed further below, for example in the case of cancer, by targeting immuoocyioklnes to 
the disease affected tissue eg, using cytokines eg. TNFct fused to antibody that binds specifically to tumor 
cell markers or markers for angiogenesls. Similarly tissue targetted as opposed to disease targeted ^ 
inimuno cytokines could be used selectively recruit immune cells within that tissue lor example a diseased 
tissue to enter the lymphatic system for such purposes including for example interaction with a 
multifunctional ligand of the invention, 

It is also contemplated that a single multifunctional ligand can have multiple requisite Interactive 
functionalities for example to stimulate, attract, energize (or otherwise inactivate) sub-populations of B- 
cells of T cells via the use, for example, of trivalent or tetravalant antibodies and antibody 
coTrjugates/fusiona thereof having multiple ligand interactive capabilities (see also for example technologies 
being developed for selection of successful binders by phage or ribosome display (see for example WO 
01/00866"; Aav Protein Chan 2000; 55:367-403). A particular application of mis technology for 
application to this Invention are antibodies which retarget T-ceils to tumor cells (see for example Maozke 
O.etaL Int. J. Cancer 82, 700-708(1999); Br J Cancer 2000 Jan; 82(2):472-9; J Control Release 2QQ0 
Feb 14; 64(l-3);229-39 as well as related references, cited therein or citing these publications. 

The present Invention accommodates such technology through multispecitic antibodies or alternatively 
obviates the need for combining a T-eell receptor type molecule with the primary immune function 
effecting moiety (eg. a cancer cell binding moiety) by using a separate multifunctional ligand which 
combines, for example, a first portion and a second portion comprising a T-ccll interacting moiety (eg. anti- 
CD3). This is accomplished by administering in the same composition or substantially contemporaneously 
an amount of the second multiftmctipnal ligand that provides, as may empirically predicted by assessing the 
dispersion of mo marker on the endothelial cell a strong probability (eg. .001-100%, optionally 1-1 00*4, 
optionally 5-100%, optionally 10-100%, etc) that the T ceil will he targeted in the vicinity of a given 
lyrnphatio endothelial cell that happens be proximal to the cell sought be targeted eg the cancer cell, it is 
self-evident that a $0/50 proportion of the first and second multifunctional ligand will yield a strong chance 
that a second multifunctional ligand will be immediately adjacent on a particular given side (assuming for 
the sake of argument that there are sides when m reality me dispersion of the lyrnphatio endothelial marker 
is governing). It is also contemplated that adjacent muWfenctional ligands may be linked for example 
through linkage effective pairs of ligands (avidin-biotin), the second portions having an antibody 
component which binds to a common ligand (eg on a liposome (see US 6 i 97333 and rets, thereto cited) or 
ofiier pharmaoetrticalry acceptable mlcro/nnno particle/sphere of preferably selectable size for Optimal 
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spacer or endothelial cell protective purposes) and that such entities could optionally also bo employed to 
house and deliver a pay load to a given target vicinity. 

la one aspect the multi-functional Uganda of the present invention provide for a method and preferably a 
means for evaluating and/or inducing immune tolerance (with respect to B cells see strategies discussed m 
Immunological Reviews 2000 Vol *76 pp. 5-247). 

It is believed that immune tolerance Is enhanced or prolonged through prolonged /strategic exposure to 
tolerance inducing and/or enhancing molecules for example prolonged antigen exposure (see Wang Y et al. 
Eur. J. Immunol. 2000; 30(18)0236-2334; Encyclopedia of immunology ; (1 998) Morgan Kaufinnnn 
Publishers, 1S8N:01 22267656; Hoyne GF *r al. Immunology 2000 Jul; 1000)281-$; Lemer CG et al. J 
Immunol. 2000 Apr. 13; 164(8): 3996-4002; Grossman 2. ct*hSemi*i Immunol 2000 Jun; 12(3): 197- 
203; discussion 257-344 Textbook of flic Autoimmune Diseases by Lahita R. et al. ISBN: 0781715059 
Lippincott Williams & WtJWns; Multi-Systemic Auto-Immune Diseases : An Integrated Approach 
Detmaxulogical ft Internal Aspects ISBN: 0444$ 1 8960 Elsevier Science ; Arthritis and Allied Conditions 
- A Textbook of Rheumatology, Thirteenth and Fourteenth Editions, William J. Koopman, MD 14 th : ISBN: 
0-7817-2240-3, November 2000; Principles of Drag Development in Transplantation & Autoimmunity 
Lftftdes Bioscience, ISBN:0412100614; Cancer & Autoimmunity by Gershwin M. et aL.ISBN: 
0444503315 Elsevier Science ; JAvtoimmm 2000 Jun; 14(4):278-S2; The nnilti-fimctional ligands of the 
present invention, depending on their mode of administration (direct application by cannuladng a lymphatic 
vessel or conventionally eg. nMradcrmally or intravenously), can be advantageously employed to provide 
prolonged/strategic exposure to tolerance enhancing molecules (for example by employing a multivalent 
eg. bi-apecittc Ab fragment or dlobody which fa a first portion which binds to a lymph associated antigen 
and second portion which optionally comprises antt-idiotypic Ab portion mimicking the desired Ag or the 
antigen Itself or a suitable portion thereof fused or conjugated to the first portion) on the mtra-luminal 
surface of the lymphatic vessels, optionally, in addition to its conventional effects, when administered 
jntototettttally ox Intravenously, etc.. It 2s anticipated that die nrnM-functtonal llgands of the present 
invention would be useful to assess and/or effect tolerance induction (see Bassadona GP et at ProcNatl 
Acad Set USA 1998 Mar 31; 95(7):3 821-6; VSP 6.106,834; USP 6,09$,S38; US6010902: Antibody 
hetevoconjugates and trispecifto antibodies for use in regulation of lymphocyte activity; as well as 
additional examples died below with reference to examples of suitable anti-idiotypic antibodies). 

It is also contemplated that a multJspccific contract as described in W099/37791 could be used with 
respect to various aspects aspects of the invention.. 

Additional Am plications of Various Aspect* of the Invention 

It is contemplated that the present invention cguld be medio strategically mediate, CD45 (or 
variants/other PTPs) related "cell signaling 0 , tor example through signaling molecules (eg. inhibitors) 
using multifunctional llgands of the invention including but not limited to blspeclfic antibodies, antibody 
fusions/conjugates eg. where the immune affecting antibody portion or other moiety is conjugated, fused 
etc. to an antibody or fragment that binds to an entity associatied marker eg. LYVE-1 (1999) Journal of 
Cell Biology Vol 144 No 4 p. 789-80 1) (see for example USP 5,914,1 1 1 Sievers EL, Cancer Chemother 
Pharmacol 2000 41 $uppl *18-22 W09946268, Neel BG Curr Opin Inmunol 1997 Jen 9(3) 40S-420; 
Front Biosci 1998 Nov 1 3JM060-96, Slifka MK et al. J. MoL Med 2000 78(2) 74-80 Goodnow CC Ciba 
Found Symp 1997 204: 190-202; MustelinT. etal, Front Bloscl. 1998 Nov 1; 3 :D1 060-96; GayaA, 
LeukLynmhoma, 1999 Oct 35 (3-4): 237-43; Sievers EL, Curr Opin Oncol. 2000 Jan 12(1): 30-5; 
Thomas ML, et aL taunul. Today 1999 Sep 20(9): 406-411; Appelbaum FR, Semin. Hernatol. 1999 Oct; 
36(4suppl,6):2-8; UlyanovaTS lrnmul. Res 1997 Feb; 16(1): 101-13; re PF32 for example USP 
5,846,822 and Brody SB* et aL 3 Biol Chem. 19°S> Jul 16; 274f29):20053-5 regarding die functional moiety 
of FP32 which is necessary for Interaction with CD45. and for example USP 5,98 1 ,25 1 with respeci to 
methods of identifying such molecules). 

In preferred embodiments the invention is directed to multifunctional llgands that comprise immune 
function exerting moieties having functionalities of molecules currently In clinical trials or proposed lor 
clinical trials (see tor example Glennio MI etal. Aug 2000, Immunology Today 408 Vol 21(8); see also 
Journal of Immunological Methods 237 (2000) 131-145; Mol Immunol 2000 Jwr, 37(9)515-526; Annu 
RevMed2001; 52:125-145; AmiU Rev Med 2001 52:63-78; Q J Nucl Med 2000 Sep; 44(3)268-83) 
including those that have an anti-CD2 functionality (see USP 5,795,572) antl-CD4 functionality (see for * 
example USP 6,136,3 10 Herzyk D, J Infect Immun 2000 Feb; 69(2): 1032-1 043) annSCDS functf onality 
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(for example WO 00/41474; WO 98139363; USP 6,113.901; TrnnsplmitBilon 2000 Dec 27 70 (J2) 
1707-12); AntI-CD44 fimctiDnality see for example Weiss L, et al., Proc Nat Acad Sci USA 2000; Jan 4 
97(1) 285-290; Sugiyama K, Immunol Invest (1999) Mar-May 28(2*3) 1 85-200; Brocke S. et aL Proc 
Nat Acad Scl USA 1999 Jun 8 96(12) 6896; Mickecz K et aL Kat Med 11995 Jun; 1(6); 558-63; 
Ahrens T et al., J Invest Dermatol. 2001 Janl 16(1) 93-101); with respect to control of migration of T«cell 
lymphocytes seeNohara C, et al J Immunol. 2001 Feb 1; 166(3) 2108-2115), anti-CD20 functionality 
(see Crit Rev Oncol Hematol 2001 Jan 37(1):1 3-25) etc. anti-CD22 functionality sea for example Newton 
DL,etaL Blood 2001 Janl 5; 97 (2): 528-535, USP 5,184,892; Anti-CD407CTLA-4 see for example J 
Immunol 2000 Oct \\ 165(7):3612-9; Microsurgery 2000; 2c (8); 448-452; USP 5874082; USP 
6056959; USP 5,801,227; USP 6004552; USP 5677165; USP 6087329; USP 5961974; USP 
6051228; White CA,et al. Annu Rev Med. 2001; 52: 63-78 (see also reviews and specific applications 
referred to in Ditzet et al., Immunol Rea. 2000; 21(2-3):185-93; USP 6,010,902, USP 5876950; USP 
5876718; USP 5,601,819. USP 5981251, USP 5385579 and 5885796; Cancer Immunol Immunother 
2000 Jun; 49(3): 173-80; Omar K, J Neurolmmunol 2001 Feb J, 113(1) 129-141; Beliido M, Bur J. 
Haematol2001 Feb. 66(2) 100-106; Broeren et al J Immunol (2000) Dec 15 165(12)6908-14; 
AlexandrofTAB et al Mol Immunol 2000 June 37(9) 515-526; Werkerle T J Immunol 2001 Feb 15 
166(4)2311-2316; Howard LM J Immunol 2001 Feb; 116(3) 1547-53 anti-CD 1 54; JPharmacokinet 
Biopharm 1999 Aug; 27(4*397*420, j Clin Oncol 2000 Apr, f 8(8):1 622-36, Leukemia 2000 Man 
14(3):474-5, Clin Cancer **$ 2000 Feb; 6(2):372-80, Leukemia 2000 Jan; 14(l):129-35, JNtwl Med 1999 
Nov; 40(1 1): J 935-46. Blood 1999 Nov J 5; 94(10):3340*, Blood 1999 Aug 1 5; 94(4): 1237-47, Cancer Res 
1999 May 1; 59(9):2096-101, Vaccine 1999 Apr 9; 17(15-16):]$37-4S, Blood 1998 Dec 1 ; 92(1 1):4066-71 , 
J Rheumatol 1998 Nov; 25(1 1):2065-76, Clin Pharmacol Ther 1998 Sep; 64(3):339-46, MuUScler 1996 
Jul; l(6):339-42, Cancmr Immunol Immunother 1997 Jul; 44(5)265-72, Transplant Proc 1996 Dee: 
28(6)3210-2, Arthritis Rheum. 1996 Jul; 39(7): 11 02-8, Immunology )996 May; 88(1): 13-9 and USP 
5,876,718). 



The invention contemplates assessment and therapeutic benefit of lymphatic localization In the case of 
antibodies and muro'specific ligands which are toxic to non-target cell populations which express the 
targeted ligand to a limited extent or in the case of toxic cross-reactivity of the second portion eg. antibody 
for its desired target with an undesu-ed target (see eg. Lancet 1999 Nov l3;354(9191):1691-5). It is 
contemplated that the toxic effect of a given effector moiety of a multifunctional ligand of the invention 
could be alternated using an additional binding arm for a lymphatic marker. 



Antibody Structure and Function 

Antibody structure and function has bee extensively described in the ltteratue. For example see Antibody 
Engineering 2 Qi odL Carl A.K. Borrebaeck, Oxford University Press 1 995 p 3-44. 

Production of Bispecific Antibodies 



A variety of different constructs have been developed for the production of bispecific antibodies including 
conventional four chain antibodies (including truncated version thereof such xninibodies (see USP 
5,837,8? I ), F(ab')z (see Antibody Fusion Proteins, Steven M Chamow , Avi Ashkenaxi Eds. ISBN 
0471 18358X May 1999 Wiley p. 136-144; or using CH3~truncatsd heavy chains), diabodies (see USP 
5,837,242 Multivalent and muhispecific binding proteins, their manufacture and use) constructs in which of 
one or two diabody molecules are heterodimerized by creating a fusion protein with the CL and CHI 
Immunoglobulin constant domains (see WO 02/02781). 

In recent years, a variety of chemical and recombinant methods have been developed for the production of 
bispecific and/or multivalent antibody fragment*. For review, see: Kriangkum J. et al. Bispecific and 
blfunctional single chain recombinant antibodies. Biomol Ens 2001 Sep; 1 8(2)3 1-40, Holliger P. and 
Winter, G., Curr. Opfn. Biotechnol. 4, 446-499 (l993fc.Carter, P. et aL J, Hematotherapy 4, 463-470 
(1995); Pluckdian, A. and Pack, P., Imrmmoiechnoloiy^ 83-105 (1997). Bispecificfty and/or bivalency has 
been accomplished by fitting two scFv molecules via flexible linkers, leucine tapper motifs. ChQ.- 
heterodimerization, and by association of scFv molecules to form bivalent monospecific diabodies and 
related structures. Multi valency has been achieved by the addition of multnrierization sequences at the 
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carboxy or ammo terminus of the scFv or Fab fragments, by using fox example, p53 t streptavidm and helix- 
tom-helccmotife. For example, by dlmerketioTi via the hclix-tum-helbc motif of an scFv ruaion protein of 
to form <£c^\ymg+h*K-tuni-h^aQ*v2) t a tctnrvclcrrt bi*p«ific is produced having two 5 cFv 
binding sites for each of two target antigens. 

Production oflgG rype bispeciflc antibodies, which resemble IgG antibodies m thai they posses a more or 
less complete TgQ constant domain stnictiire, has been achieved by chemical cross-linking of two different 
lgG molecules or by compression of two antibodies from the same cell. Bom methods mult m production 
of significant amounts of undesired and non-functionai species due to mispairing anions the comotmcnt 
heavy and light chains. Methods have been employed to reduce or eliminate rnispairing: 

One strategy developed to overcome unwanted pairings between two different sets of TgG heavy abd light 
chains co-expressed in transacted ceils in modification of the Q3 domains of two heavy chains to reduce 
homofflmenza^ between like antibody heavy chains. Merchant, A. M„ et aU (1 998) Nat Biotcvhndow 
16, 677-681. in that method, light chain mispairing was eliminated by requiring the use of identical Iirfit 
chains for each binding site of those bispecific antibodies. w 

Tc Mpxoduce bispeciflc antibodies, Kostelny et al (J. Ihmmnology )48:1547 (19KZ)) fused Fab fragments of 
antibodies to the leucine »pper portions of fos and jun proteins in the absence of a single chain construct 
fortbe antigen combining region. These methods are well described in the literature and sununarized with 
retraces ™ Antibody Fusion Proteins, Steven M Chamow , Avi Ashkenazl Eds. ISBN 0471 18358X May 
1999 Wile^ Kimtermann, R., et al.fEds.) particularly at pages 139-145. Pack and Pluckthun, fused a sinjede 
chain antibody to ampbipethic helices from a four helix bundle or from leucine zipperpro teinT^ 

Bispecific antibodies mat are in a conventional igG-Hke and Fab-llke format have been develoDcd bv Zbu 
SLSSE^S^ respecttve^wnheach of the chain, trying to t^^b^moL 

(see WO 01/90192 and Figure 1 merem), pnifcrably consisung of a scFv. Id the bumocific TgO-Ii^ 
construct, each *ide of the molecule comprises a CHI domain and a CL domain and each CHandCL 
domain Is linked through its N-termmua to a scFv of Afferent specificity. The invention herein 
contoirrolates that this construct can rcaduy be adapted to have each each half of the molecule associated 
with a polypeptide eg, a scFv of the same specificity so that each half of the molecule Is monospecific for 
to have each half of the molecule associated with different pairings of scFvs) so that each half of the 
molecule Is effectively monospecific. The invention heroin contemplates mat a bivalent relatively low 
affinity second ligand binding moiety is used to activate receptors that require cross-linkine for activity 
The invention also contemplates that numerous permutations in which the Afunctional afS of Kit 
Ugand binding moiety whether monospecific or bispeciflc can be accentuated relative the toctionaiaffinity 

(he second ligand binomg moiety including employing a first ligand high affinity scFvs for a single 
antmstances m which the second ligand binding moiety is effectively monovalent (has one. or one useful 
binding moiety). The invejidon alio contemplates mat this construct can have a truncated Pc portion and 
various known meftodV m the art for improving the pairing efficiency of the heavy chains. TbVmv^cn 

camehd antibodies for efficient delivejy en. of biologic eflfector ligands. m 

Methods of Generating Antibodies That Bind To Selected Target Uganda 

A variety of technologies for generating antibodies with desired specificity have been extensively 
developed and become well known to and rotitinely practiced by those skilled in the art mchidine uhaae 
dgplay(see review in Basic Methods in Antibody Production * Characteriztion G.C. Howard etal. ods 
CRC Press 2001 p. 105) and other display systems (ribosOme display, display on the surface of various ' 
cells), mummiaag mice, Including particularly mice having human Ig genes, and antibody microarrty 
technologies. These methods have also been extended to making antibodies with dual specificites such as 
diabodies (USP 5,837,242 Multivalent and multispecific binding proteins, their rnanufacture and use) 
^—f^^fi?* of extensive scientific and patent Ureraturc. Por example, see US patents of Winter et al 
6,291,630; 6,291,161; 6.291,158; 6,017,732; 6,225,447; 6,172,197; 6.140,471. 6,010*84 
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Affinity Maturation 

Methods of cotton based mutagenesis have been extensively developed for engineering the antibody 
binding she. For example, die use of such methods In * filamentous phage display system Is described In 
Antibody Engineering 2°* ed. Cad A.K. BorrebaecK. Oxford University Press 1995 p 1 17-128 see also 
pp.53-84 with respect to techniques of phage display of antibodies (see also Kanutrmann. Oahnf. &. 
fS<LJ; ffgg^AfrtlbOdV BffBlnWflaB ISBN; 3-340-41354-5, 

Methods of Generating Single Domain Uganda 

The ability of a single variable fragment of an antibody to bind with specificity and suitable selected 
affinities in toe nanomolar** range has been extensively demonstrated using camelid and human VH 
fragments. Methods of generating VHs with me desfred specificity have been extensively described (see 
USP 6,248,516 Single domain UgandSi receptors comprising said ligands methods for their production, and 
use of said Uganda and receptors), (see also literature referenced herein on mis subject). 

Methods of Making Antibodies In B. Colt 

The expression of recombinant antibodies! including dlabodies In E» Coli has become routine. General 
precepts, and methods are discussed In Antibody Engineering 2* ed. Carl A.K. Borrebaeck, Oxford 
University Stress 1995 p229-266 see also Antibody Therapeutics WJ Hank et al. eds. CRC Press 1997 p. 
221; see also review in Biotechnology* Volume 5A,Kecorabmaut Proteins, Monoclonal Antibodies, 
and Therapeutic Genes A. Mountain, U. Key, Dietmar Scbomburg ISBN: 3-527-283 13-3 > January 1999, 
Antibody Production: Essential Techniques Peter J. Delves ISBN; 0-471 -970 1 0-7 WiJeyJune 199? and 
Antibody Therapeutics 

Production, Clinical Trials; and Strategic Issues, By Rathin C Das, PhD., MBA. & K. John Morrow, Jr., 
Ph.D., D&MD Publications October 2001 Chapter 3» 



Eukaryotle & Other Expression A Production Systems 

Approaches for the eukaryotlc expression of antibodies and antibody fusion proteins and the preparation of 
vectors for use in such methods are well known and extensively described in the literature. General 
precepts, and methods are discussed is Antibody Engineering 2* d ed. Cad A.K- Borrebaeck, Oxford 
University Press 1995 p267-293 (see also Antibody Therapeutics WJ Harris et al eds. CRC Press 1997 p. 
183-220; see also review in Biotechnology, Volume SA, Recombinant Proteins* Monoclonal 
AutiDodies, and Therapeutic Genes A. Mountain, U. Ney, Dietmar Scbomburg ISBN: 3^527-283 15-3, 
Wiley, January 1999 and Antibody Production; Essential Techniques Peter J. Delves ISBN; 0-471- 
970 10-7 Wiley June 1997 and Antibody Therapeutics Production, Clinical Trials, and Strategic Issues. 
By Hadiin C. Das, Ph.D., M.B.A, & K» John Morrow, Jfc, PhD., DoVMD Publications October 2001 
Chapter 3. 

With respect to a review of Immune toxins see also Antibody Therapeutics WJ Harris et aL eds. CRC Press 
1997 p 33 

With respect to Methods for producing recombinant vectors see also 5,962,255 Methods Bar producing 
reconibinant vectors 

Formulation, purification and cnajyrie methods involving antibodies are well knoen to those skilled In rhe 
art and have been extensively reviewed. With respect to formulation, purirtcaticm and analytic merhods see 
for example, reviews in Antibody Therapeutic* Production, Clinical Trials, and Strategic Issues. By 
Rathin C. Das, Ph.D., M.B.A. & K. John Morrow, Jr., Ph.D., D&MD Publications October 2001, 
Chapter 4. 
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With respect to methods of generating antibodies against self-antibodies see USP 5,885,793 Production of 
witi-selF antibodies from antibody segment repertoires and displayed on phage 

Antibody Conjugates 

Methods of chemical ixxaxripulatiOn of antibodies for Bttacfament of ligands (eg-biotm), radionuclides etc are 
well known in the art and have been extensively reviewed (for example see review in Basic Methods in 
Antibody Production & CharBctari2xion G.C. Howard et al. eds. CRC Press 2001, p. 199; with respect to 
therapeutic principles see for example, Antibody Therapeutics WJ Harris et at eds. CRC Press 1997 p 53- 
88), 



The applications of bispecific antibodies, including methods of making and using them have been 
extensively reviewed (ee for example van Sprier AB, van Ojik HH, van De Winkel J G. Inununotherapeunc 
perspective fbr bispecrfic antibodies. Immunol Today. 2000 Aug; 21(8)591-7; Werner LM. Bispecifle 
antibodies m cancer merapy. Cancer J Scl Am. 2000 May; 6 Suppl 3-.S265-71. Barber J, et at. P re iai&c ting 
with the afi&nhy enhancement system fbr radiolmmunomcrapy. Cancer Blether Ra d f o pha r m, 1999 Jun; 
14(3):1 53-66. de Wolf FA, Brett GM. Ligand>bmding proteins: their potential for application in systems for 
controlled delivery and uptake of ligands. Pharmacol Rev. 2000 Jim; 52(2)207-3 6.: Wang H, Lin Y, Wei 
L, Guo Y. Bwpedfic antibodies in cancer uerapyAdv Exp Med Biol 2000; 465:369-80; Stwrz UD. Lee 
OS, 01 Y. induction of specific Immune tolerance with hybrid antibodies. Immunol Today. 2000 Apr; 
21<4):172-6: 1999 Dec; 43(4):336-43. Blsascer D, Stadlok H, van de Winkel JG, Valerius T. GM-CSF as 
adjuvant fbr immunotherapy with bispecfrlc antibodies. Bar J Cancer. 1999 Aug; 35 Suppl 3:S25-8. 
Moiema G, Kroesen BJ t HeHrlch W, Meyer DK* de Led] LF. The use of bispecifle antibodies in tumor cell 
and tumor vasculature 

directed immunotherapy. J Control Release. 2000 Feb 14; 64<l-3):229-39. Bodey B, Bodey B, Slegel SB, 
Kaiser HE. Genetically engineered monoclonal antibodies fbr direct antl-neopiastic treatment and cancer 
cell specific delivery of chemotherarjentio agents. Curr Pharm Das. 2000 Feb; 6(3)261-76. Kudo T, Suzuki 
M, Katnyoso Y, Shinoda M, Sakunri N, Kodama H, Ichiyama M, Taicemura S, Yoshida K, SneW H, Snijyo 
S, TaVabashi J, Tominaga T, Matsuno & Specific targeting Immunotherapy of cancer whh bispecifle 
antibodies. Tohoku J Exp Med. 1 999 Aug; 188C4):275-88. Koelenaij R, et al. Bispeolftc antibodies in 
cancer therapy, from the laboratory to ma clinic. J Iromimother. 1999 Nov; 22(6>*5I4~24. Segal DM, 
Weiner G J, Werner LM Bispecifle antlbadtes in cancer therapy Curr Opto Immunol. 1999 Oct; 1 1(5):558- 
62. Hudson PJ. Recombinant antibody constructs in cancer therapy. Curr Opin Immunol. 1999 Oct; 
1 l(5):548-57. Barm RFetal, Boron neutron capture therapy of brain tumors: an emerging therapeutic 
modality. Neurosurgery. 1999 Mar, 44(3)433-50; Fleekenstein G, Osmers R, Puchta J. Monoclonal 
antibodies in solid tumours: approaches to therapy with emphasis on gynaecological cancer, Med Oncol. 
1998 Dec; 15(4)^12-21. Guyre CA, Fsnger MW. MaOTr^se-4argeted killing and vaccines. Res 
immunoL 1998 Sep-Oct; 149 (7-8):65 5-60 Cao Y. Surest) MR. Bisparific imtibodies as novel 
bioconjugates. Bloconjug Cham. 1998 Nov-Dec; 9(6) :63 5-44. Farah RA, et al, The development of 
monoclonal antibodies for die therapy of cancer. Crit Rev Eukaryot Gene Hxpr. 1998; 8{3-4):321-56.: 
Vohn M- Multidrug resistance and its reversal. Anticancer Res. 1998 Jul-Aug; 18(4C):2905-17. Rouard H. 
et at, Fc receptors as targets fbr immunomenny.ini Rev Immunol. 1997; 16(1-2): 147-85. FanZetal. 
Therapeutic application of anti-growth factor receptor antibodies; Curr Opin Oncol 1998 Jan; 10(I);67- 
73: de Gest GC, et al,Clmical perspectives ofbispecifio antibodies in cancer. Cancer Immunol 
Immnnother. 19*7 Nov-Deo; 45(3-4): 121-3. Carter P, Merchant AM. Engineering antibodies fbr imaging 
andrJicrapy.Cnxr OpinBloiechnoL 1997 Aug; 8(4):449-54. Philemon A. ct al. New protein engmeermg 
approaches to multivalent and bispecifle antibody fragments. Irnmunntecbnology. 1 997 Jun; 3 (2): 83-1 05. 
BJhova B. Targeting of drugs to coll surface receptors. Crtt Rev Blotechnol t997; 17(2*149-69. Moiema G 
et aUTumor vascular endothelium: barrier or target in tumor directed drug delivery and immunotherapy. 
Pharm Res. 1997 Jan; 14(1);2-10. Bodey B, et al, Human cancer detection and immunotherapy with 
conjugated and nra-conjugatcd monoclonal antibodies. Anticancer Res. 1996 Mar-Apr; 16(2)^561-74 
Hajrrmann Fetal, Treatment of HodgknVs disease with bispecifle antibodies. Ann Oncol. 1996; 7 Suppl 
4:143*6. Wcls W, et al, Tntervention in receptor tyrosine Idnase-mediated pathways: recombinant antibody 
fusion proteins targeted to £rbB2. Curr Top Microbiol Immunol. 1996; 213 ( Pt 3): 1 13-28.: Kalremo KJ. 
Radloirarrrunou^erao^ of solid cancers: Acta Oncol. 1996; 3S(3):343-S5. Verboeyen ME, et al. Antibody 
fragments for controlled delivery of therapeutic agents. Biochem Soc Trans. 199S Nov; 23<4): 1 067-73. 
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Haagen IA. Performance of CD3xCD19 bispecific monoclonal antibodies in B cetl malignancy. Leuk 
tymphoma. 1995 Nov; 19(5-6):381-03. 

In another aspect the invention is directed to presenting antigen within the lymphatic system (eg. in th e 
form of an antiidiotype antibody) such as to fiwllitate a desired immune response eg. vaccination type 
responses). Optionally, adjuvants can be conventionally employed to assist initial immune stimulation eg- 
intradermaUy when appropriately delivered. Activating cytokines for example as specified above, can also 
DB employed to enhance the immune response. Examples of antibodies having an antMdiotypic counterpart 
or for which an anti-i diotypic counterpart could made by well known techniques in the art (and that arc 
capable of exerting the desired anti-idiotypic effect) arc numerous and numerous such antJIdiotyplc 
antibodies have application to immunization as well as applications relating to tolerance (see for example 
US patents: 6,146,627 Method for reducing T cell-mediated cytotoxicity In HIV using anti-idiotypic 
antibody; 6,063,679 Anti-idiotypic monoclonal antibodies and compositions Including the anti- 
idiotypic monoclonal antibodies; 6,060,049 Surrogate tolerogenesis for the development of tolerance to 
xenografts; 6,042 ,827AntWdio^pie antibody induction of awl-tumor response; 6,007,$ 15 Antiidiotype 
vaccination against *Wj>«umi resulting from pathogenic responses by specific T cell populations; 5,981 ,302 
Methods and compositions tor inducing apoptosis m tumor cells; 5,765,588 Tumor immunotherapy using 
anti-idiotypic antibodies; 5,728,812 Anti-idloiypic antibody composition for inhibiting acute complement- 
mediated cytotoxicity. 



According to another aspect of the invention the multi-fonctional ligand comprises a first portion which 
binds to a lymph associated antigen and a second portion which binds to a tumor eell infected cell or 
infectious agent. This embodiment of the Invention can be used for example, to assess and affect the ability 
of the tumor-binding portion to more advantageously inhibit metastasis. Optionally, for example, the 
portion which binds to a lymph associated antigen has a lower affinity and/or avidity so mat the tumor cell 
binding portion preferentially binds to the tumor cell and is therefore more likely to accompany its passage 
through the lymphatic system. This strategy also has application to bUpecific antibodies of the invention in 
which the second portion is for example targeted to an immune cell Optionally, multiple such mutl- 
fonctlonal llgands may permit sufficient tumor coll anchoring to permit the tumor cell to bo killed within, 
the lymphatic system via atoxic payload carried by the mum'runctional ligand or through the renruitmerrt of 
immune cells which accomplish this end (eg using the same or a different multifunctional Ugand fused or 
conjugated to a suitable cytokine (eg IL-2, IL-12). The prolonged presence of these cells could be 
advantageously used to assess methods of immunization directly against the tumor cell using, for example, 
cytokines Including cytokines fUaed or conjugated in whole or functional part to a lymph targeted Ab on the 
same, or a different multifunctional ligand delivered in a suitable dose (with respect to generation of anti- 
tumor antibodies and other antibody fragments for application herein as well as important related 
technologies see also WO 00/50008; WO01/0U37; W097/37791; W099/3779I; WO97/10003; 
Hoogenboom et al. Nat. Biotechnology 15(2) Feb 1997 pl25-126; Fell H. ct al. Journal Oflmmunolgy 
Vol 146(7) Apr 1991 p244o"-24$2; Anderson D. et al Bioconjugate Chemistry 14(1) Jan 1993 pi 0-1 8; 
USP6, 172,197; USP 6,171,782; Immunological Investigations 2000 29(2) entire Issue). Optionally tHc 
tumor binding portion internalizes and/or delivers a toxic payload, for example a radionuclide, or other 
toxin, or a cytokine to the tumor cell (with respect to selection of tumor mternalizing human antibodies see 
for example Pool Metal. JMol Biol. 2000 Sep 1; 30 1(5): 1 149-61 , see also Kohl MD et al. J Mol. Biol. 
Biotechniques (2000) Vol 28(1 ) p 1 62 In this way the multi-functional ligands of the invention, for 
example, when provided in a sufficient dose to both target the tumor and line a portion of die lymphatic 
system to which the target tumor is likely to drain, acts as a cancer treatment as well as a sentry system for 
assessing / augmenting (for example as an adjunct therapy) the ability of the tumor binding portion 
with/without payload to inhibit metastasis. There are numerous examples of functional cytokine and toxin 
fhsions used for example in cancer therapy that may have application to the invention herein (for examples 
and reviews see references herein cited as well as WO 99/37791; W099 WO00706605 : WO 
99/S2562WO 99/37791 MULTIPURPOSE ANTIBODY; Proceeding of the IBC's 11* Annual 
International Conference on Antibody Engineering State of the Art Science, Technology and Applications, 
December 3-6, 2000; Amplification of T cell-mediated immune responses by antlbody-cytokme fusion 
proteins. Inununol Invest 2000 May; 29(2):il7-20; Cancer Res. 1999 May 1; 59(9)2 159-66.; 
Pharmacokinetics and stability of the chl4.18-mterleukm-2 fusion protein in mice. Cancer Immunol 
Tmrnimothor. 1999 Aug; 48(5):219-29. Phase I study of single, escalating doses of a superantigen-antibo dy 
fusion protein (PNU-2 14565) in patients with advanced colorectal or pancreatic carcinoma. J Tnununoth.er. 
2000 Jan; 23(1); 146-53. Targeted toxin therapy for malignant nstrocytoma.Keurosurgery. 2000 Mar; 
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46(3)^44-51 ; Targeting cytokines to tumors to induce active antitumor immune responses by 
recombinant fusion proteins. Hum Antibodies. 1999; 9(1)23-36; Lode HN, et at. Ttmior-targeted IL-2 
amplifies T cell-mediated immune response induced by gene therapy with single-chain TL-T2. Proc Natl 
Acad SciUS A. 1999 Jul 20; 96(l5):8591-6; Cancer Vaccines and Immunotherapy 2000 (textbook) ; 
Immunotherapy With Intravenous lxnmnna globulins P. Imbaeh (1991) Academic Press; Molecular 
Approaches to Tumor immunotherapy 0997) World Scientific Publishing Company, Incorporated; 
Vaccines & Inimunothcrapy S. J- Cryz (1991 ) McGraw-Hill Ryerson, Limited 

With respect to internalizing antibodies see eg Biological Effects of Anti-EibB2 Single Chain Antibodies 
Selected for Internalizing Function.; Biochem Biophys Res Common. 2001 Jan 12; 280(l):274-279 and 
references cited therein, Immuaoconjugates of geldanamycln and and-HER2 monoclonal antibodies: 
antiproliferative activity on human breast carcinoma cell lines J Natl Cancer Tnsl 2000 Oct 4; 92(1 £):1 573- 
81; Foulon CF, et si., Radioiodination via D-aramo acid peptide enhances cellular retention and tumor 
xenograft targeting of an mternallzing antl-epidcrmal growth factor receptor variant III monoclonal 
antibodv. Cancer Res. 2000 Aug 15; 60(]6):4453-6O. Poul MA, Becerril B. Nielsen UB, Morisson P, 
Marks Selection of tumor-specific internalizing human antibodies from phage libraries J Mol Biol. 2000 
Sep I; 301(5): 1 149-6 1 -Vrouenraeta MB, et aUTargeting of a hydrophilic photosensitizer by use of 
Internalizing monoclonal antibodies: A new possibility for use in photodynamio therapy. Jnt J Cancer. 
2000Octl;B8(l):108-14. 

In yel another aspect, the invention contemplates that the passage of tumor cells can be inhibited within the 
tumor vasculature using a blspeclfic ligand, optionally a bispeeific antibody, which targets on die one hand 
a well known vascular endothelial marker and one the other hand binds to a ligand on the surface of the 
tumor. Other aspects of the mvention related to tumor cell targeting are understood to described in 
reference to this aspect of Ihe invention as wall. It is also contemplated that markers which are present on 
bom the lymphatic endothelium and die tumor vasculature can be simultaneously targeted with Wspecifle 
ligands of the invention to inhibit tumor metastasis and/or immunize a subject against tumor cells. 

It is contemplated that the multifunctional ligands of the invention when used to inhibit metastasis, for 
example, in the manner described above, could be advantageously employed in combination win other 
well known therapies foe example oytoxio drugs, other tumor targeted antibodies and conjugate/fiislons 
therewith used or currently being evaluate for immunotherapies, anglogenesis targeted drugs etc (re 
angiogenesis see for example Angiogenesis in cancer and other diseases. Nature. 2000 Sep 14; 
407(6801):249-57). 

Similarly, a bl-spcclflc antibody of the invention could be used to bind to antigens/ligands on lymphocytes 
which are known or become known to inhibit or enhance immune function or mediate a disease eg. CD45. 

With respect to target receptors related to the mventfoos defined herein see also USP 6,277,962. 

As discussed above, as used herein the term "lymph associated antigen" refers to antigens that are 
expressed significantly on lymphatic endothelial cells but not significantly expressed, if at ail, on other 
tissues. Examples of such antigen include LYVE-1 a CD44 receptor analogue wffich binds to HA (February 
22, 1999, Baneiji et_ at, Journal of Cell Biology VoL 144, #4, p7E9-801) and which is expressed primarily 
on lymphatic endothelial cells. LYVE-1 specific antisera have been shown to inhibit binding of HA. the 
invention contemplates research and treatments using multi-functional ligands of the invention with respect 
to non-human mammals, including preferably agricultural animals, canine speoies, primates and mice 
having similar recep tors/antigens. For example, a murine counterpart to LYVE-1 (published In Prevo n 
et al. 2001 Feb 20, J. Biol. Chcm.; Manuscript M01 1004200) can be employed to bnpifrmtnt the various 
methods and embodiments described herein in a mouse model, tor example to assess the extent of 
inhibition of metastasis effected by a multifunctional ligand (optionally comprising for example to a toxin, 
cytokine T cell receptor etc) which has a first portion which binds to LYVE-1 and a second portion which 
binds to, for example to GMOl, a breast tumor which Is known to metastisize to the lung (see USP 
6037520 and 5, 693, 533 see also US patents 5,643, 551, 5491284, 5569812, 5917124 and 6107540 and 
references cited in these patents, particularly with respect to other metastatic models and methods of 
evaluating anticancer drugs hi mice). LYVE-1 counterparts in other mammals can be identified in the 
manner described by Prevo R. et aL (see also Skofae M. et al. Induction of tumor rymphangiogeueals by 
VEGF-C promotes breast cancer metastasis Nut. Med. Feb; 7(2) 1 9WS.) 
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Other models of metastasis in animals are well known in the art (see for example OUrgwin JM, Guise 
TA.Molecular mechanisms oftumor-bone interactions In osteolytic metastases. Crit Rev Eukaiyot Gene 
Hxpr. 2000; 1 0(2): 1 59-78. 3: Kohaek-Laraen M, ct nlRevicw of colorectal cancer and its metastases In 
rodent models: comparative aspects with those in humans, Camp Med. 2000 Feb;50(l): 16-26. 5; Magmnto 
M» ct aLA physical-based model for the simulation of neoplastic growth and metastasis. J Surg Oncol. 2000 
Jun;74(2): 1 22-9. 6: Hoffinan KM. Orthotopic metastatic moose models for anticancer drug discovery and 
evaluations bridge to the clinic, mvert New Drugs. 1999;17(4):343-59. 

Russo J, Rnsso IH.The pathway of neoplastic transformation of human breast epithelial cellsJtedfat Res. 
2001 Jan;155(l Pt2):l5 1-154. Duffy M), McCarthy K -Matrix xneiaUoproteinases In cancer: prognostic 
markers and targets tor therapy(review).Int J OneoL 1998 Jun; 12(6): 1343-8. 22: Banerjee A, Quirkc 
P.Expcrimcmal models of colorectal cancer. Dis Colon Rectum. 1998 Apr?4t(4):490^505. 

WuTTot a].Establt6hfng human prostate cancer cell xenografts in bone: induction of osteoblastic reaction 
by prostate-specific ant|gen-produemg tumors in sthymic and SCID/bg mice using LNCaP and lineage- 
derived metastatic sublines. Irtt J Cancer. 1998 Sep 1 l;77(6):887-94.6l: Morpus KL, et alCharactBrization 
of a xenograft model of human ovarian carcinoma which produces intraperitoneal carcinomatosis and 
metastases in mice. Int J Cancer. 1996 Mov 27;68(5):588-95.65: Pages JC, Sordat B, BautlstaD, Costa J, 
BenhattarJ. Detection of rare circulating human colon tumor cells m a nude mouse xenograft model. 
Cancer Lett. 1996 Aug 23;106(l): 139-44.66: SakakibaraT, et aLDoxorubioin encapsulated in sterioally 
stabilized liposomes is superior to free drag or drug-containing conventional liposomes at suppressing 
growth, and metastases of human hmg tumor xenografts. Cancer Res. 199$ Aug 15;56(16):3743-6. 

With respect to modifying an antibody to increase its affinity see also Crystal structure of Pabl98 v an 
efficient protector of the acetylcholine recm^nr asiinstmyasmaimgeiriD antibomes. Eur J Biocham. 2001 
Jul;26B(i3):3685-3693. 

For example, in one embodiment the invention contemplates a bispecific antibody comprising an antigen 
binding component specific for a tumor cell associated antigen and a relatively low affinity anti-IL-6 
receptor antibody component With respect to the anti-minor role of iL-tf see Wei LH et oL lnter taukla- 6 In 
cervical cancer: the relationship with vascular endothelial growth motor. Gynecol Oncol. 2001 
Jul;82(l):49-56. 

The invention contemplates that TCRs and modified TCRs (see for example, WO 01/48 14S) may be used 
as ligands. in place of antibody fragments for binding to target ligands such « peptide/MKC lignuds- 

Techniques for generating antibodies, and methods, for example of subtractive screening useful to identify 
other lymphatic vessel associated antibodies, including those optionally having smaller scFv, Fab and dAb 
(single domain antibody or functional fragment thereof) component (more easily passaging to lymphatic 
vessels from tissues particularly when constructed in the form of blspeclfle antibodies eg. diabodles etc.) by 
phage or ribosome display are well known in the art (see tor example Hoogenbom HR et aU Immunol. 
Today (Aug. 2000) Vol 8 p 371; Sohaffitzel dotal. J TtmrtunoL Methods (Dec. 10, 1999) 231(1-2) p. 
119; Roberts RW et al. Curr Opin Chem BioL 1999 Jun; 3(3)268-73; Winter C. etalAnnuRav 
Immunol 1994 12:433-55: Kcntennann REctal. Nat BlotechnoL 1997 Jul; 15(7):629-31; Phage 
Display of Peptides and Proteins, A Laboratory Manual Kay BK et a], Eds J 996 Academic Press; 
Immunology Methods Manual Leftovits, I ed. 1997 Academic Press;Hoogenboom et al. 
lmimmowchnology 4 (1998)1-20; 

**Wirh respect to making single domain antibodies see for example USP 5,824.520, USP 5622836, USP 
5,702,892, USP 5,959,087, Unique single-domain antigen- binding fragments derived from naturally 
occurring camel heavy-chain antibodies. J Mol Recognit 1999 Mar-Apr; 12(2): 13 J -40. An antibody single- 
domain phage display Horary of » native heavy chain variable region: isolation of functional single-domain 
VH molecules with a unique interface. J Mol Biol. 1999 Jul 16; 290(3):685-98 and references cited m these 
references. 

Methods for making antibody fusion proteins and bi-specific antibodies including diabodtea etc. and fusion 
proteins thereof are well established in the art (for reviews and particular applications sec tor example 
Adams OP et al Journal of Immunological Methods 231 (1999) 249-260; USP 6,121,424, 6,027,725 and 
6,025,165; EP 0654085; Hudson P. Exp. Opin. Invest. Drugs (2000) 9(6): 1231*1242; Antibody Fusion 
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Proteins Steven M Chamow , Avj Ashkenazi Eds. ISBN 047 1 1 8358X May 1999 Wiley; Antibody 
En^mi^^l AJBonebaeek Oxford University Press. 1995; Antibody Engineering^. Practical 
ApproachDavld J. Chlswell, Hsnnte R. Hcogenhoom, John McCafferty OxfordUniversity Press. 1996 
Aw^odyEngnieenng Protocols, Siidmr Rml (1995) Humana Press; Antibody Expression AlfcginecrinK 
^ll^J^^'I't?? T T^^, A - eri -" ChenHeal Society; Zh^BJotechnoW^T 
IPfJ^V ^^i 9 ^, N,els « ftU BeraLCaiic«ites.2000Novl5; 60(Z2):6434-40; liwmnceu. 
KSftijftSW"* W> 479*4; Hollingeretal., Cancer Jnunu^oIIrnmnnofter W97Nov- 
22S??r ( -2, ? ' Iron »»n«areeung of tumors: state of the art and prospects in 2000 Bull Cancer. 
«°? 22£"01*777*l; HellfHch Wetal Int J. cancer 1998 Apr 13 7«C2)-232-9- Wu AM OJNoo 
Med. 2000 Sep.; 44(3*268.83 KrebsB. Et aL J Interferon cytoldae Res IwflSp^.^ 

S«!^ L .fS l 2? lJSB * ,: i? 00A * B - ; 13 «> : 5»3-8; Coch1ovi«Bet a l.JInmiunol2000Jnn5; 
16S(2):888-95; AtwelllJLetaL Protein fine. 1999 Jul; 12(7) : 597-604: krorivanovSM««i r vtni 
? i0L "» Oct CI): 41-56: Aft M ctal FEBS Lett ^2 454 0^2) iSf^Kp? 5£ Y 

lininiinolMeAodsWWDeclO; 231(1^:177-89 ArdntMAetnl. Blood 1999 Oct 15 94^2562-8- 
I^D. et al. J frmmmoL Methods 1999 Nov. 19; 230(1-2):159-171; Santos AD at a), Clio Cancer Res' 
1999 Oct 5 00 suppD: 31185-31235 KontennmnRE etal. NatBiotcdhnoL 1997 Ju? 15(7^629%^ 
Data ; a AMdn Mg. (2000) Aug 1 3 (8): 565-74; Adams GP et aL Nucl. Med. Biol (2000) May 27 
ioAm 3 ^% W ^!? n>L ? «BLMcdphy,2000niay27(5)988-94; Fitzgerald K. Protein Big 1997 oct 
anSIf^^! I anDUt ^ various methods for identifying^^ 

antibodies and creating toxin, radionuclide and cytokine fusions / conjugates (see ao Yet at Bieconi Chem 
1998 Nov-Dec; 9(6): 635-44) for fully exploiting various aspects oftne Invention herem^ned (see IT 
rofo^S?bS! BtochemBiophysRes Comm 1999 Feb 16; 25S(2):386-93 see also additional 

Trlabodies another toovvn maltlvalent antibodies etc (sec for example IHades Pet a!. FEBS Lett 1997 
i. L^h - -2 *2l advantageously be employed to provide additional ftmctionantics. «L 
well as variation m avidity «tc for the purposes of variously exploiting the invention herein. 

9^06^9f eXPreS3tog UBatSi ^ newmolecules like LYVE-l are also well known in the art (see WO 

Technologies for rendering the multifunctional ligands of the invention less immunogenio fen such as 
employed by Biovation) are preferably applied to tho multifunctional ligands of the mvantton. 

For recent progress in the treatment of lupus nephritis see Zimmerman R. Annu Rev. Med. 2001; S2:63- 

With respect to targeting Fas-L see US 6068841 Antibodies to Fas-L for treatment of hepatitis. 

«^™^°f^^^ oslng diemokhics and variously targated antibody and fragments thereof 
ftoedorcomugated to chemofanes or other molecules with for example, lymphocyte or otWumnunB^i 
attestant properties (see for example Sun J. et al. Lymphnlogy 32 (1999)^170^^1 Omri? « «i 
N^™olo»y£001,F^2,: P ,08 : taJKffi^ 
umtume cells into target tissues for eventual penetration into the lymphatic vessels for activation, 
signaling binding to, inhibition, etc.. For example, for cancar treatment antfood^ fo« bind to 
anglogenesis markers fined to such type such molecules eg. TNF-a can be advantaseously emnloved 
optionally «, cnnjunctloo with various vaccination strategies (including the uae^Snmffiu 
ligands of the present Invention) to attract immune cells including, optionally, vaccination-activated tumor 
targeting lymphocytes to the tumor site. In an indirectly related aspect (havmg bS auXStonTas 
weU as for combination thetapywrthamultifoctional hgand,the mventionUaijo do wSo*v 
tint targets so angiogenesis marker fused/conjugated to a cytokine or antibody 0t a bispecinc antibody) 
«££.^ to rZ ° y !f k Tf^ Ch ° ytokine cements adhesion of immune eellsto blood vessels andmemod 
oT using same (by admtaisfcatton to a subject), alone, m combination with multifunctional ligands of the 
^tHHZT^? ^f madon 3 ? ateg,e3 10 taewase Immune cell targeting to a solid tumor. In the case 
°£f " s P*£c nobody it is contemplated time the cytokine binding portion hat a relatively low functional 
affinity to the cytokine so as to compete unfavourably for Its binding to its natural receptor. 

^«nlt?^? f^S* 11 !^ 8 "P""* ofleoweytes *° endothelial adhesion molecules see for example US 
Patent No. 6,123,915 and the references therein cited. . ^ ° ui 
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It is well known to those in tho art to nuke bispecific antibodies which are acfcqrtcd to bind two different 
Uganda on the aama coll, far example so called antigen-forks as disclosed fn XJSP 5,705 % 614 (see also Shi T 
et al. Murine blspeciflc antibody 1A10 directed to human transferrin receptor and a 42-kDanmor- 
associated glycoprotein also Clin Immunol Immunopathol 1996 Feb;78(2):188-95; Amoroso A* et ml., 
Binding characteristics and antitumor properties of 1A10 blspeciflc antibody recognizing gp40 and human 
transferrin receptor CancCr Res 1996 Jan l;56(l):li3-20;RingDB et al^ iUn^ fc^: bispi^c rea|^ 
that inhibit call growth by binding selected pans of tumor antigens, Cancer Immunol Irnmunofhsr 1 994 
JuJ^9(l);41-8; LuDet al., Complete inhibition of vascular endothelial growth fcwtor (VEGF) activities 
with a bifunctional diabody directed against both VEGF kinase receptors, fins-Hko tyrosine kinase receptor 
and kinase insert domain-containing receptor. Cancer Res 2001 Oct l;6I(19):70Q2-8; Sohmiedl A, 
Brewing F, Diibcl S. Expression of a blspeciflc dsFv-dsFv* antibody fragment hi Escherichia coli Protein 
Bng 2000 Oct; 13(10):725-34 see also Park SS, et al., Generation and characterization of a novel tetravalem 
blspeciflc antibody mat binds to hepatitis B virus surfec* antigens Mol Immunol 2000 Dec;37(lg): 1123-30; 
Kriangkum X et al., Bispecifle and blfunctional single chain recombinant antibodies Biomol Ens 2001 
Sep;l8(2):3 1-40; USPs 4,474.893, 5,989,830; WO 00729431). 

With respect to antibodies to outoantigeos. ADEPT, use ofanti-eotaxm antibodies, Delmmimfearion, 
antftody^tokmo fusions, ribesome display, xenomouse technology; cutting edge phage display 
techniques, construction of human antibody fragment based phage display libraries, selection of 
Internalizing antibodies by phage-display r cancer targeting antibodies, antibody arrays, plantibodios, design 
Of mutant IGSF domains of CD2, CD58 and TCR; oligopeptide eg. paratope mimetios, diabodies, 
mmibodles, ttlabodles, tetrabodies and related s&e/lcbieties issues, caspase activatable pro-drugs, delivery 
of Bismum-2 1 3 via scFv and diabodies, tnti<OTgionenesU marker strategies, mmuinoenzype therapy of 
cancer (eg. with Rnases) paocarcinamic antigens like CEA CTAG*>72; and related technologies see the 
papers and references in Proceedings of lBC's 1 1* Annual International Conference on Antibody 
Engineering, State of me Art, Science, Technology and Applications Dec 3-6 2000 La Jolia, CA. 

With respect to biology of the lymphatic system having practical application herein see Ikomi F. 
iymphology (1999) 32:90-102; Shield JW. JLymphology 1999 32: 11&-122 and Lymphology 33 (2000) 

144-147, as well as the references cited therein. 

The invention also contemplates control of such migration by inhibition of receptors that mediate such 
migration (see for example Sun J. et al. Iymphology 32 (1999) 166-170) for controlled application of the 
multifunctional Uganda of the invention. 

With respect to recent developments with respect to target llgands and/or immunotherapy having 
application herein see also WO 01/12224, WO 01/14550, WO 01711059, WO 01/10205, WO 01/00679, 
WO029445 WO 01/14885, WO/14564, WO 01/14558. WO 01/14224, WO 01/13945. WO 01/12840. WO 
01/12781. Wo 01/12674, WO 01/12670, WO 01/12224, WO 01/12646; WO 01/12223, WO 01A22t8, 
WO 01/12217, WO 01/12216, WO0l/12l54> WO 01/14557. WO 01/1 1059. WO 01/10912, WO 01/11040, 
WO 01/10888, WO 01/10460, WOOl/10205, WO 01/0961 1. WO 01/09328, WO 01/09186, WO 01/09192, 
WO 01/08635. WO 0 1/07481. WO 01/07082, WO 01/07084, WO 01/07081, WO01/074S4, WO 01/07466. 
Triggering Fe alpha-receptor t (CD89) recruits neutrophils as effector calls for CD20-directed antibody 
therapy. J Immunol, 2000 Nov IS; 165(10)^954-61. CD47 engagement inhibits cytokine production and 
maturation of human dendritic cells. J Immunol. 2000 Feb 15; l64(4):2l93-9. 

The Invention also contemplates that a multifunctional ljgand that recognizes an immune cell as a target in 
virtue of a particular cell marker and will be able to deliver a toxic payioad to the cell, for example, in 
virtue of its second portion comprising such toxic component fused or conjugated thereto. The invention 
also contemplates attracting or supplying other inununo cells or molecules to kail, or otherwise Inactivate 
the tPTftet hnrmxne cell (eg. lymphocytes eg. by TK cell modulation or CD4 cell modulation or using 
antibodies including anti-idiorypic antibodies. The invention therefore contemplates mat treatment of such 
immune cells can be accomplished by a combination of different mechanisms or drugs depending on the 
disease so as to reduce immunosuppression due to immune cell ablation where this Is die dominant 
consideration. Such interactions may require interaction with one or more llgands cm the surface of the 
targeted immune cell, as StciUtamd via anchoring interactions of varying afOnhy/avidity/dDrarion. The 
invention also contemplates using mtdtiflmctjonal ligands comprising or bound to selecting and ICAMs etc. 
to facilitate such targeting, fbr example eQ-edminsiedng same in a proportion which is tor example 0.01% 
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to 25% of the Targeting multifunctional ligand. The relative amounts of the selectin/TCAM etc. (including 
antibody rnimics) bearing multifunctional ligand as compared with the targeting multifunctional ligand can 
be determined empirically by varying the proportions and assessing any objective indicator of successful 
targeting in a disease related or purely experimental context. For example successful targeting (eg. antibody 
binding to eg. CDS, CD28, CD2) using multifunctional ligands of the invention could bo monitored by 
evaluating levels of cytokines normally attributable to such binding (see for example CDS T cell activation 
after intravenous admmisuiiiion of CD3 x CD] 9 bispecific antibody in patients with non-Hodgkin 
lymphoma. Cancer Immunol Tmmunother. 1995 Jun; 40(6):390-6. Definition of a lamina propria T cell 
responsive state. Enhanced cytokine responsiveness of T cells stimulated through die CD2 oathwav J 
Immunol. 1995 Jan 15; 154(2):664-75. P*nway. 

Wife respect to multifunctional ligands that ate used to directly or indirectly exert an immunization 
tactaon, other examples of disease associated peptides that can be presented as immunogens or 
inhibitor/mediators of inimune activity or disease progression in one of the fashions suggested above 
include, examples as well as technoiogifiA referenced in, for example, Knutb A, Cancer Chemother 
F^acol (2000); « soppl- 546-51; Engelhard VH, Cancer J Sd Am 2000 May; 6 Suppl 3: S272-80; 
^^^^^MWWfcScLaOOOFeb; 57(2): 290-310; Algarra I et al, Hum Tinmunol. 2000 Jan; 
I™} & a s 7 Tumour vaocJnM: * nsw immunothCTapcutic approach m oncology.Ana HematoL 2000 Dec; 
79(12):65 M; Human tumor-rejection antigens and peptides from genes to clinical research Nippon Geka 
GakkaJ Zasshi. 2000 Sep; 101(9):612-7. Pmilla-lDarz J, at al CML wcines as apamfflStiiB^m^ 
unmunotherapy of cancer. Blood Rev. 2000 Jun; 14(2):l 1 1 -20). ^ p 

In order to present an MHCpeptide complex in proximity to a B7 co-stimulatory molecule, the invention 
contemplates using, m addition to varying amounts (varying from a 50/50^^n)^S 
mulhtunctional ligands (which may beadAb, diabody etc) preferably cross-linked by an avfdfn 
component, - as a different strategy - cross-linking with avidin or me like adjacent arms of a siofcle 
diabody, tnabody or telrabooy eto. which binds to or has been fused or conjugated individually to 

^S^SIfSi ^ P ?5 de C0 SP°^ t3 res P ect to recombinant B7 and MHC molecules and 
toion proteins thereof including antibody fusions and related technologies see references above and BP 
S^SaSaSS? 7 " WO 9728191. US 6, 197. 302. U860158«4TO6!401^^o7^US 
5 f 80 !!i EP ^ 35 5 07 - WO 9806749 Ep 1054984. US 5*69270, Om^on and 

cnaracterizafaon of bispecific costimulatory molecules containing a mmimixed CD86 (B7-2) domain and 
smgJe-chain antibody ftagmente for tumor targeting; method is useful for cancer therapy Rohrbacn Fetal 
^CwcerRes.; (2000)6, 11,4314-22 WO 007008057 17 Feb 2000; WO 9921572 6^1^9- WO 
9913095 18 Mar 1999; WO 9742329 13 Nov 1997; WO 9720048 5 Jun 1997- WO 96^15 19IW 
1996; WO 00/023087; EP 610046 10 Aug 1994, USP tt£f « as weTJ riLn^ SXIE^ 

In a related aspect, the invention similarly contemplates using or more antibodies (optional* biemnylated 
and crussOinked by an avidni component) that bind to the same or different epitopes Ion a lIoSiZ, 
vmere two such amibodiea are used different proportions of MHC and B7 linked (te fused, conjugated or 
^ °i hi *^™} 83 ™" as different proportions of different imto^^aiSefta 

optantea the distnTmhon of such cross-linked B7 and MHC peptide complexes fbrl^cell recognition, hi 
Qus way any strongly immunogenic peptide may be used In conjunction with stable vaccination strategies 
to create a universal cancer antigen. Using a tumor unrelated peptide is advantageous to avoid any 
tolenzation effects rcsulring from T-cell binding to the MHCpeptide alone and does not preclude immune 
system recognition of a different epitope or other therapies. Inaprefbrrcd emboSS 
multifiincttonal ligand or pair of muWninctlonal ligands optionally biotinylated and cross-linked by an 
avidm (or variants), is used to bind to both the lumen of the lymphatic system and to a tumor cell fusm* 

a l f^^!f t ^7 lth m °aovalent linkage to both the cancer eel) and lymphatic 
endothelial cell and a third antibody component having respective fusions to one of MHCpeptide and B7 
£lSS!Z!!5? IS?* C 5f5J?f. ^ pw ?!i7 tetras P edfic telrabody having an antibody component devoted 
to each or the B7 and MHC linkage*)- Thvs permits a single molecule to be used for both the linraiinizatlon 
within the lymphatic system and the tumor targeted antigen display. However, Tt wilt be appreciated that 
presentation of MHC-peptide complex on a tumor does not necessarily require costimulatory B7 

SSSS^ ^^ fJT!^ 0 T « 5 Whi0h h 8pccific 0x0 P 0 ^ 6 Md «>* multiple such 
presentations, preferably in a cross-linkable fashion may be preferable. Accordingly, strategies herein for 
wsdnwiatory presentation of MHCpeptide and B7 may be differently applied to a lymphatic cndothelS 
cell surface for immunization purposes and and a tumor cell surface (primarily for recognition purposes), 
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for example by using avidin facilitated oross-linking of in the former but not the lan*r<timior) context or 
using different sett of molecules in each case or using modular Jy reconstructing the tumor celJ sufece with 
a bispefic antibody thai binds to a separately administered MHC ana/ox 87 component 

Subject to the latter proviso, in preferred cmbodimcnra, the invention contemplates using as separate 
counterparts I) separate trispecific Abs, each Including for example, one antibody component which binds 
to the each of the respective B7 and MHC molecules which are preferably together, separately 
administered. Such multifunctional ligands are preferably blotinylated for cross-linking -both between 
adjacent ti^cificAbj and ad^ or 2) separate bispecific 

pa U! of ^ each ^"tlvely having 1 ) either a B7 and lymphatic vessel or B7 and tumor binding portion 
or 2> a MHC peptide complex and a lymphatic vessel or MHC complex and tumor binding, portions which 
again are profereably croai-luiked by an avidir^streptavidln or a variant (ie. using blotlnylated antmodys) 
This latter ^embodiment permits smaller size antibody molecules to he used for better tumor targeting. 
AntJboo> components which recognize the non-T cell interactive portion of me B7 or MHC molecule can 
bereadlly generated by phage display, for example in the case of a known peptide specific antibody to an 
^1? ^^S^.? aL yrooNatl Acad Sci USA 97. 7*69 and Chames ct. al "Affmity 
Maturation of TCR-Like MHC-pept?de specific antibody, peptide specificity is possible over a wide 
affinity range" Proceedings of 1BC Conference on Antibody Engmeeering Deo. 2000) eg. by first causing 
bmding of the -peptide specific" antibody and then doing the phage display eg. tismganWy ofmStiote 
^repeati ofmosame antibody) such peptide epecrftc MHC antibodies, applying the MHC peptide 

» £ 2 * bmdmg and than permnnmg me phage or nbosome display. Alternatively a TCR (eg 
cell bound) or analogueAnimotope could be used for the orientation. Similarly antibodies could be 
S^^^ISSL^ n0t ^ PCte " lmCD28 OT * ketone thereof to create imtable aXfl7 type 
£SS?S.5f l * ? ^krtowninthe art. The invention also conternplat^mattheMH(>pe^e 

binding fl^onmay bo supplied using a linked superanrlgcn (US «1972?P, WO 9601 650 23 Jan1996* 
^.N^.AcaiLSei.UAA4 (1994) 91. 19, 8945^9) inborn the tumor and lymphadc syitm brntoasim 

^^I^^ 4 ^\^)2^ a using one or more phage display libraries to 

optimize me development of MHC7B7 cosnmulatoxy bispecific antibodies, bv nrins cell *f~4 i«w 

hiotajylated antibodies which recognise the antigen and have a "oppositely locacaTportion fitted 

SSSlT.^ °^f 0ti %? at ? 0fMHC and B7 - «» opdotiVuyalso pressing 
* ™? "* eombtoatamB of lengths (truncations) of one or more constant regions or for exampfe 
fl» CDR2 generated by phage display, depending on the choice of antibody, and ^nrntawrnT^ 
«JZn!frS'. n8 ? ™£» * T "«K recognition and evaluating cytotoxicity with for 

example a CrSl release assay. (Whh respect to protein chip or miemamy technology see WO 0Q/637O1 

The invention also contemplates use of recently published antibodies In the context n rth» /— 
W001/19861,WOOM99Wwoom*oWo01/l»8^ 

WO 01/151*6, WO 01/13731, WO 01/15728. WO 01/16183, WO 01/161701 WOO 1/15732. 0I/1 * 04ff ' 

The | hwenflon , is also directed to a method of evaluating dosing, llgand saturation, avidity effects of 

dnudtaneons bgandbmding on prolonged anchoring and associated benefits (eg. to delay a cancer cell for 

targeted Wilms or facilitate transfer of the multirunetional brand to the targeted cell) coouemtive 

interactions, cross-linking toteraeticmj (see J Immunol 2001 Mar 1: 16uf5V3256-3263- nSZ Ri„.i, ft 

1W9 Dee; 57 anl*2U% HarefSah. 2000 to 15: I3wS»m3SS SornJ ?SS £5V 

h^f ^r ai ?^J ntB,S ^ * « 5n * listo «« to arcst object two dTrfaS^d^cS 
ligands of the Invention wiih cooperating second portions. 

SH^i™?^ « *sp)^ of iuiKtzonel peptides on an antibody type scaffold see Nuttal SD; et al.„ 
Proteins (1999) 36: 217-227; see also Stoerra A., I. MoL Recognition 5000 July-Aua 13(41: 167-187 The 
invention also contemplates bispecife muitlfcaetfonal ligands in which the mSnafbncSon exerting 
moiety atom its mnctton through binding to an immunogenic component or carrier for such component as 
£?fa±&j£SSEE? "ESttff to^peptide. a heat shock protein (sen lor ^3aTa^ 
^i^? 10 ' I nv,4al20 °0 29(2): 131-7 and references cited tberem as well as US6168793- 
US6071956 ; US05981706; US05948646 Mexhods for preparation (jfvac^eTn^ cancer 
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comprising heat shock protem.paptide complexes; US0S83O4«4 Composition* and methods for die 
treatment and growth inhibition of cancer usiug heat shook/stress mtitem-peptlde complexes in 
combination with adoptive immunotherapy as wen as patents, scientific strides and patent applications 
referenced in these patents; with respect to MHC peptide oomplexesf see for example WO 99/64597 wo 
98/03552. WO 98/06749 and references cited thereto). 1 example " S9/64597, WO 

Asdescribed shove, the invention also contemplates that the lower affinity Ugmjd binding arm of tha 

S^ ^lll^^W (le - l T tng 8 h, 'e h affi^y targeting ana and a lower affinity effector 
■nO b coastttuted by a tegh affinity llgmd, for example an high affinity antibody or functional fragment 
dwreoC whjch bads to a target blolorical effector (eg. a cytokma, chanikineTSowth fec^XtZTor 
ZSSSS^ZEZ^?^?*** B ^.^am a nnBrwhi^ permits theofftScrW 

^^U^. ,1 J E d^ued target receptor while bound to the antibody (le. toeimtibody binds to a 

SS! ffl,f?l H "^: ^ when combined with the effector, . 

v??X ^5L fo ^ w^P*»*bd the Ugand binding aun which functions as die high affinity 
^Tf" *« ^f^5? l J M *S: 1 fa "«« embodiment the binding moiety which binds to the bioloriwl 
effector tends to it with higher afftniry than the afnnhy (hat the effector has for the effector receotor TOa 
H^^^^^J^J^^ 0 * «* Moiogical effector in a mXf wSpimits 
- " if \"^! P ?_ r ^i 10 * B . ralat£d eB6B P tor to thB efife «<>' would otherwise bind (see 
examples below). Reinvention also contemplates thatsntibody arrays are used to screen for antibodies 
which are «»pabletfbfodmg to such biological effectors, while bind in situ to thS rec^tora T^T 
mvemion also contemplates that such binders, when bound to the biological effiKtor^ be used to test 

m™, ^^TZT . M ?!5 t0 Hntibody »icroaffays see for example Cahill DJ.Proteio and antibody 
P^^l^Tf ^ ajiphcar^ tomnnolMethods. 2001 AprWOO-afcgi-Si. MaeB^Sha 

a^r^^ni. ^<L^^^^, 1 2001 StRlSWOM. ClewleyJPJUcom^nt protein 
amys.CommmiDis Public Healm. 2000 Dec;3(4)31 1-2; HoItU EnoverC daWildtRtur t™^EI7« 

Il^T"^^ ta P^^Curr Oplz B^^o^^^T^^t 



throughput screening of anfflmdy-antisaninlerasttem^^^ 

™^r^^2?: i l ^ :B7 2»«dthe references cited therein. The term receptor asused herein for 
fl^^^^ mchuleB d ««>y receptors. Examples of decoy receptors tocmdeTRAiL decmT ^m?n£. 

••Affinity Maturation 

analysts of the affect of the mutation frequency onto affinity mimS^m^h^^SSet 

S 2?f <l ? plW to ? Weny-Biotectaol Prog. 2000 Jan-Feb ; 16(lV31.7 

Adams OP, Schicr R.Generanhg improved single-chain Fv molecules for tumor te^fno I Tm^,.„ii 

Antibody affinity maturation using bacterial surface display. Protein Enft. 199S^(v 1 1^vin^Tuj'^„ 
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amino acid substitution. J Immunol. 1995 Apr l;154(7):3351-8. Balint RF, Lanick JWj\ntibodv 
mgmeering by parsimonious mutagenesis. Gene. 993 Dec 27; 1 37(1):109-18. SchiUbach JF. Near RL 
Bniccoleri RE, Haber E. Jeffiey PD. Novotny J.SheriffS, MargoUes MN. Modulation of antibody affinity 
by a non-contectresulue. Protein Set 1993 Feb;2C2):20M4.a>BmesP, Bay D. Etigmeeringof an anti- 
ySZEFESl ^^f^ chaneeantibody fine specificity from Cortisol to estradloLClin 
SS^^L^hSSS 3 ^' K^»™.P^Weren B. Wysocki U. Margolles MN.A single 

^r^n ^f^irss^s^ body ne spEcifioiiy - J lIm,,uno, • ,9w jan 

With respect to generation of high affinity antibodies and affinity maturation of antibodies see also Hanes J 

l (6> ^;l 242: Town JL et al Evr. J. Immunol. 200] Jan; 31(1)128-137. Kelson VB a al Cancer 
R« 2000 Nov IS; 60 (22) 6434-40 Adams Gp, Journal of ImnnUtogiealMemods (1 9$9) 249*260- 
OwwdTrary PS et al (June 1999) Nature Biotechnology Vol 17 p. 568With re»ect» slides recent 
technologies whlchlurve application to me iiwmmon tee refinances teHudsonWB^STnv^Si 
(2000) 9(6) 1231-1242 and to Renter references relating, o strateglesS^u]^" ao d ^ 
inulbspemfici^; recruitment of viruses. ADEPT, photoactlvati on of cytotoxic radionuclides- surface 
receptor cross-linking; (see also Bur. J. Immunor 2000 30(10) 3006). use of aati-B antibodies- 
mmunoeymkines (see also Lode HN Irrnnul. Res. 2000, 21 (2-3) 279-88; Gillies SD Cancer itlnari, 50 
2159-2166 May 1999; UdnHNetal Drugs of Today 200036(5) 3221-336) 

n^?"?"" "Pf 3 ^^ 5i2 °, Kntitatfcma and pharmacokinetics of various types of antibodies and 
fingme^s set . Colcher D. et al. QJ. NucL Med ( 1 999) 43: 132-139; Wu AM et al G J. NucJL Med 2000 

With respect to anticancer antibodies see also 6,180,357. 

With respecr to technologies to produce multivalent and/or muMspecific antibodies see also USP 6 172 
lZLIZ^XJ?Z?£}X h W9*07»l; W0S4; Heln^W^t^ou^o^ 
SnS: WO0^579l 7<2000) 13NJ4S - "*»CC«*». on Antibody 

^^^ I ^!^ tibodi! ? ""^ be reutJn °ly produced as taught by Haitow. E. and D Lane fl9Bffl 

uTp^^ITIW prtduccd " "ample, by U.S. pS. NcTSToSP and 

and MUbmta ami £^tS%. te*W>*«tai antibodies are well known and described in Winter 
2?. wISIriS } ^S 1 " ** 9:293 ' and L*™* a«a ()»1) Hum. Antibod. and Hybridomas 217 
One havmg orfmary skill in the art may uss well known techniques and starthm ma^ris 3/£ 

0989) Molecular Cloning a i^fe™*^ Manual, Second Ed. Cold Spring Harbor Press 

S?^ f „? d, T clidos 83 ^ to fadJatIon Aerapy are wen known. Some examples ne 
refeired to below. Auger emitters may be preferred for internalizing antibodies. As sJ«Ma*S IbovL the 

whole antibody; antibody fragment a portion of an antibody such as a scFV FfaM , w a M , c B k" 
re^oc^r L W °??, 29004) OT th0 ,to <* "ulbValcnTSuch fragments, ffig So^iSteS or 
mat^^S^S^ ^^T*™ ^body fr^n»t can be made to bind with tbc^me a^gen 
dteXofenl^ aI T?„ ^SSS; More l^rtijmlady. in addition to fragments formed by^nSc 
ZSlZS^SSf^ ant * 0<iy °f antibody fragment" unless otherwise stated also includes 
K^nw peered protein that acts like an antibody by binding to a specific antigen to 

™?J ** " c,l ^ng/as applicable, cysteine noose peptides and minimal recognition units coiSg 
£^^^- re5 " tes *? ^ imic me <W«roriBl>le region. Although fully human imtf b^es°fcr 
^S'S 5 ^^ a0rat ° d ^™ , *«»» hybridomas orthronghphase tfsptay™ m?hunW 
S^w? pre&mi * Ae toventi(m d06S n«P«c»«Ja other strategics to avoid a HAMA 
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A chimeric antibody is a recombinant protein that contains the variable domains and complementary 
dete rmining region* derived from, for example, a rodent antibody, while the remainder of the antibody 
molecule is derived from a human antibody. 

With respect to stability engineering of seFv fragments for enhanced muirunctional Uganda comnrisina 
scFvs see J Mot Biol 200 1 Feb 2; 3O5(5):9ft9-l010. 

Humanized antibodias are recombinant proteins in which murine LDR's of a monoclonal antibody have 
been tranatferred from heavy and liejht variable chains of the murine immunoglobulin into a human variable 



The term therapeutic agent as used herein, is a molecule or atom which is conjugated etc. to an antibody 
moiety to produce combination including a conjugate which is useful for therapy- Examples of therapeutic 
an^d^U^op^ 1 ^ 1 to3dnS * itenw ^^ Tato « chelators, boron compounds, photoactive agents or dyes, 

The term "a naked antibody" may be used to refer specifically to an entire antibody, as opposed to an 
antibody fragment, whioh is not conjugated with a therapeutic agent. Naked antibodies include both 
polyclonal and rnoncclonal antibodies, as well as certain recombinant antibodies, such as chimeric and 
humanized antibodies. 

The term Immunocoujugate may be used to refer a conjugate of an antibody component with a therapeutic 



As used herein, the term antibody fusion protein refers to a recombinant molecule that comprises an 
antibody component and a second fractional component for example a therapeutic agent Examples of 
therapeutic agents suitable for such fusion proteins include immunomodulatora ("antibody- 
inimunomodolator fiision protein' 1 ) and toxins Candbody-toxin fusion protein"). 

Paction of Antigen - Specific Monoclonal Antibodies. Rodent monoclonal antibodies to antigen can be 
obtained by methods known to those skilled in the art. See generally, for example, Kohler and Milstein 
Nature 256:495 0975), and Collgan et at (eds.), Current ^rtocolsi In iJSvT KbISm- 
2.6.7 (John Wiley & Sons 19*1) P'Coligan"]. Briefly, monoclonal ^h^eTcanb; c^ined^^^ 
mice wdfa a composition comprising the antigen in a question (Ag), verifying the presence Of antibody 
production by removing a senm sample, removing the spleen to obtain B-lymphocytes fusing the B- 
l3^hocyt« with myeloma cells to produce hybridoma*, cloning the hybrldomas. selecting positive clones 
wnichj^oduce anti-Ag antibodies, culturing the clones that produce antibodies to the antigen, and Isolating 
the antibodies from the hybridoma cultures. Transgenic mice having for example engineered immune 

uJ^tl C ' eatC amBw * iea U9ed by Medarex and Abgenix are alsTcontemphrted for use 

herein to create suitably targeted antibodies. ^ 

Monoclonal antibodies can be isolated and purified from hybridoma ciitaires by a variety of well- 
established lechmques Such isolation techniques include affinity chromatography with Protein-A 
Sepharose size-exclusion chromatography, and ion-exchange chromatography. See, for example, Collgan 

EJFf? • T££ 7 : • 2 ^}'? S ^ **** stt Balttcs « aL - "^ificRtlon of Ihimunoglobulin G 

OgG) in Methods in Molecular Biology, Vol. 10, pages 79-104 (The Humana Press, inc. 1992). 

Y^JESSSiZ! reievaitt molecular biology techniques See also, for example. Ausubel et ah feds \ 
CUMU2NT PROTOCOL IN MO^^ ^ 
s^WoanicketaL, Gene 6*115 (19*7); and Ausubel et k fcds.). Short 
3rd Edition, pagas g-g to 8-9 (John Wiley & Sons. Tnc 1995). EsUli^edu^« nsSe 
Polymerase chain re^pn provide ,4a abi^ to synthesize genes as large as 1.8 kilobases iS length. Adsng 
ct bL. Plant Molec. Biol. 21:1 131 (1993) Bambot et at, PCR Methods and Applications 2:266 (1 993)- 
Mlon et al„ "Use of the Polymerase Chain Reaction for the Rapid Construction oFSyntherio Genes "In 
Memods m Molecular Biology, VoL 15: PCR Protocols: Current Method* and Applications. White fed ) 
pages 263-268, (Humana Press, inc. 1993). PP ' ^ Jt 

Techniques for constructing chimeric antibodies are well-known to those of skill in the art As an example, 
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Leung et el., Hybridoma 13:469 (1994). 



to yet another embodiment, an antibody oftho present Invention is a "humanized" monoclonal antibody 
That is, mouse complementarity determining regions are transferred from heavy and light variable chains of 
wo mouse inuuunoclobulm into a hnman variable domain, followed by the replacement of some human 
residues in the framework regions of their murine counterparts. Humanized monoclonal antibodies in 
accordance with this invention are suitable for use In therapeutic methods. General techniques for clonics 
2? ™ v f i? b,e domaiBi *«*o4 &r esemple, by the publication of Orlandi et al* 
™^£L?f? ^ I fi: r 3833 a9 f 9 l' Techniques for producing humanized monoclonal antibodies 
?fSf« C ?, b ^' f0r exatt f le ' bv Iones * al -< N«hiro 321:522 (1986). Riechmann et al.. Nature 332:323 
y**?^ « s "«=»« (1988), Carter et al.. Proc. Natl Acad. Sci. USA 89*285 

(1992). Sandhu.Crit. Rev. Biotech. 12:437 (1992), and Singer et al., J. Immun. 150:2844 (19M?The 
MtiboS 0 " ' mS Cl IlmTKm< "- 32:1413 < 1995 >. ^Kftes the construction of taimatuzed LL2 

to a pr eferred embodiment of the invention the mnW&ncUonal b'gand has a unique portion which 
differentiate, it from other antibodies and preferably other co-administered different multifimctional 
hgands. which unique portion, allows the multifunctional iigand to be efficiently segregated on an 
uninunoafabity column. In the ease of differentiating « single muWftmctional Ugand ananti-ldloryDo 
(asswumg the first portion consists of an antibody) or other antibody uniquely recognizing the first nordon 

rraS^Sg^^ 

Il^. er erab( ^ meD i' ™ entibody of the present invention is a human monoclonal antibody. Such 
antibodies are obtained from transgenic mice that have been -engineered" to produce specific hmnan 
ST™ 11 ^ »«*emc challenge, to this technique, elements of mehumanheavy amlHght 
S^XZ ^, mtt0 ^ UCed "to***** of™™ derived from embryonic stem cell lines mat contain targeted 
antibodies specific for human anhgens. and the mice can be used to produce human amftoVsecrethuT^ 
hybndomas. Methods for obtaining human antibodies from transgenic mice are described bvGreenetaL 
Namre Genet 7:13 (1994). Lonberg etal. Nature 368:856(194 »d TtyZ^^S^Zg?' 

Examples of Production of Antibody Fragments 

^t^i^mc 8 ^^rr^r coIytio - * 

^^^^HT ^ t ?^JL y pepsm or papaifl ^^on o f ^«>le antibodies by conventional 
For « am Pj°. Mtibody fcamente can be produced by enzymatic cleavage of antibodto wiA 

£. P „1f ^li^™ 1 ^^ F(ab,)j - ™ s ca « °e further cloved ustagaSiol 

"f^e W and opf c«ally a blocking group for the sulfhydtyl groups resulting from cieavage of 
dumffide linkages, to produce 3 S S Fab' monovalentftagmeats. Alternatively, anenzymatic clelvaee win* 
pepsin produces two monovalent Fab fragments and an Fc fragment mrectiy.ThesemeS are dS!S S 
for example, by Goldenberg, US. Far. Nos. 4,036.945 and^.647 «K5S SSSSSJ^ 
Also, see Nisonoff et al., Arch Blochem. Blophys. 89:230 (1960); Porter, Biochem. J 73-119 n959? 

ssfo^Ktoi^ 0 ^ 

^ r Sf th0 i 0f r Cl ? v£n ? a""^*?. such " separation of heavy chains to form monovalent light-heavy 
llTJ^T!^, °* <* other enzymatic chemical or genetic reehnlqu^Tmay 

also be used, so long as the fragments bind to die antigen that is recognized by the intact antibody. 

For example, Fv fragments comprise an association of V„ and V L chains. This association can be 

H^r 1 ^ " deS S??fl b L , e bar f 8L ' PT0C - Naa Sci USA 69:2659 (l^^SSvely, the 
ZZFtt? ?* ^ b r int P Dolecul » r ^Cde bond or cross-linked by cecals such as 
giutaraldebyde. See, for example, Sandhn, supra. 
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Preferably, the Fv fragments comprise v K and V L chains which are connected by a peptide linker. These 
single-chain antigen binding proteins (scFv) are prepared by constructing a structural gene comprising 
DNA sequences encoding the V H and V L domains which are connected by on oligonucleotide. The 
struorural gene is inserted fnxo an expression vector which is subsequently introduced into a host cell, such 
as E. colL The recombinant host cells synthesize a single polypeptide chain with a linker peptide bridging 
the two V domains. Methods for producing scFVS are described, for example, by Whitlow et al., Methods: 
A Companion to Methods in Eozymology 2:97 (1991). Also see Bird et al.. Science 242:423 (1988), 
Ladner et al, U.S. Pat. No. 4,946,778, Pack et at, Bio/Technology 1 1 :127 1 (1993), and Sandhu, supra. * 

Another form of an antibody fragment is a peptide coding for a single complementarh>>detennirung region 
(CDR). CDR peptides ("minimal recognition units") can be obtained by constructing genes encoding the 
CDR of an antibody of interest. Such genes are prepared, for example, by using the polymerase chain 
reaction to synthesize the variable region from ANA of antibody-pToducIng cells. See, for example, Larrick 
et al, Methods : A Companion to Methods in En2ymolagy 2: 1 06 (1991); Courtenay-Luck, "Genetic 
Manipulation of Monoclonal Antibodies," in Monoclonal Antibodies; Production. .Engineering and Clinical 
Application, Ritter et al. (eds.X pages 166-179 (Cambridge University Press 199S); and Ward et al., 
"Genetic Manipulation and Expression of Antibodies," In Monoclonal Antibodies: Principles and 
Applications, Birch et al., (eds.), pages 137-185 (Wftey-Liss, Inc. 1995). 

♦♦Prepararion of lnimnnoconjugates 

The present invention contemplates mmnmoconjugates to assess and effect treatment of various disease 
conditions. Such Lmmunoc onj ugatcs can be prepared by indirectly conjugating a therapeutic agent to an 
antibody component For example, general techniques are described in Shin et ah, Int. J. Cancer 41:832- 
839 (1988); Shih et al.. Jut. J. Cancer 46:1101-1106 (1990); and Shih et aL, U.S. Pat No. 5,057,3 13. The 
general method involves reacting an antibody component having an oxidized carbohydrate portion with a 
carrier polymer that has at least one free amine function and that is loaded with a plurality of drug, toxin, 
chelator, boron addends, or other therapeutic agent This reaction results in an initial Schiff base (inline) 
linkage, which can be stabilized by reduction to a secondary amine to form the final conjugate. 

Hie carrier polymer is preferably an aminodextran or polypeptide of at least 50 ammo acid residues, 
although other substantially equivalent polymer carriers can also be used. Preferably, the final 
immunoconjugaie Is soluble in an aqueous solution, such as mammalian serum, for ease of administration 
and effective targeting for use m therapy. Thus, soiubilhdng functions on me carrier polymer will enhance 
the serum solubility of the final irrrniuftoconjttgate. In particular, an aminodextran will be preferred. 

The process for preparing an immunoconjngate with an aminodextran carrier typically begins with a 
dextran polymer, advantageously a dextran of average molecular weight of about 10,000-100,000. The 
dextran is reacted with an oxidizing agent to effect a controlled oxidation of a portion of its carbohydrate 
rings to generate aldehyde groups. The oxidation is conveniently effected with glycolytic chemical reagents 
such as NaIO.svb.4, according to conventional procedures. 

Tho oxidized dextran ia then reacted with a polyomioe, preferably a diamine, and more preferably, a mono- 
or potybydroxy diamine. Suitable amines include ethylene diamine, propylene diamine, or Other like 
poiymemylene diamines, di ethylene triamice or like poiyaminss, 1 ^-diamiDC-24iydioxypropane, or other 
like hydroxylated diamines or polyamlnes, and the like. An excess of the amine relative to the aldehyde 
groups of the dextran Is used to insure substantially complete conversion of the aldehyde functions to 
Schiff base groups. 

A reducing agent; such as NaBKU, NaBHj CN or the like, is used to effect reductive stabilization of the 
resultant Schiff base intermediate. The resultant adduct can be purified by passage through a conventional 
sizins column to remove cross-linked dextrans. 

Other conventional methods of derivatizing a dextran to introduce amine functions can also be used, e.g., 
reaction with cyanogen bromide, followed by reaction wjm a mammc. 

The aminodextran is then reacted with a derivative of the particular drug, toxin, chelator, 
immunomodularor, boron addend, or other therapeutic agent to be loaded, in an activated form, preferably, 
a carboxyl-activated derivative, prepared by conventional means, e.g., using dicyclohexylcarbooiunide 
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(DCC) or a water soluble variant thereof to fbnn an nitarmediate adduct 

Aiteniativery, polypeptide toxins such as pokeweed antiviral protein or ricin A-chaln, and the like can be 
coupled to anmiodfiwran by glutarulderryde condensation or by reaction of activated carboxyl groups on the 
protein with amines on the amiaodextraiL s p 

Chelatorg for radiomctals or magnetic resonance enhancers ore well-known in the art. Typical are 
derivatives ofefirylenBdiaroinexetraacetic acid (EDTA) and tfetoylenetriamincpcrttaacetlc acid (DTPA) 
These chelators typically have groups on the side chain by which the chelator can be attached to a carrier. 
Such groups Include, e.g. bcnzyilsothlocyanate, by which the DTPA or BDTA can be^l^ to tESie 
group of a earner. Alternatively, carboxyl groups or amine groups on a chelator can be coupled to a carrier 
by activation or prior deri vauaafion and then coupling, all by well-known means. 

Boron addends, such as carboranes, can be attached to antibody components by conventional methods Pot 
example, carboranes can be prepared with carboxyl fiinctions on pendant side chains, as is well known in 
the art Attachment of such carboranes to a carrier, e.£., ammodextran, can be achieved by activation of the 
carboxyl groups of the carboranes and condensation with amines on the carrier to produce an Immediate 
conjugate. Such intermediate conjugates arc men attached to antibody components to produce 
therapeutically useful immunnconjugates, as described below. 

A polypeptide carrier can be used instead of ammodextran, bui the polypeptide carrier must have at least 50 
aratao acid residues in the Cham, preferably 100-5000 amino add residues. At least some of the ammo 
acids should be lysine residues ox ghitamate or aspartate residues. The pendant amines of lysine residues 
and pendant oarboxylates of glutamine and aspartate are convenient for attaching a drug, toxin, 
miiminomodulator, chelator, boron addend or other therapeutic agent Examples of suitable polypeptide 
carriers include porylysme, polyglutamic acid, polyasparric acid, copolymers thereof and mixed Polymers 

iL^^Z^o^^ to con&r « s - »• 

Corpugarion of the intermediate conjugate wim. the antibody component Is effected by oxidizing the 
^™^™ te I*** 0 * of me anUbody component and reacting the resulting aldehyde (and ketone) carbonyls 
with amine groups remaining on the carder after loading with a drug, toxin, Star, ^kamnaSSSSn 
boron addend, or Other tterapculic agent Alternatively, an intermediate conjugate can be attached to an 
mdmd [antibody component via amine groups that have been introduced in the intermediate conjugate 
afterl loading with the therapeutic agent Oxidation is conveniently effected either chemically ea. wkh 
ES^"^ sS T°^ G xea ? Bm * or e^yirmtically, e.g., with neuraminidase and galactose oxitoe. In the 
case of an ammodextran carrier, not all of the amines of the amlnodextran are typically used fer loadSg a 
t^apcuttc agent. The remaining amines of wnmodexlran condense with the oxidized antibody component 
to form Schiffbase adducts, which are then reductively stabilized, normally with a bc^yarnia 



An^o^us procedures ere used to produce other iinmunoconjugatcs according to the invention. Loaded 
^5^25? CBmera prcfcrtlb,y hav * fyslne residues remaining for condensation with the oxidized 
^3!? portion of an antibody component Carboxyls on the polypeptide carrier can, if necessary, be 
converted to ammes by, e.g., activation with DCC and reaction with an excess of a damme. 

sJhSlS 0 ^^ ^purified conventional techniques, such a* sizing crnomatography on 

Alternatively, unmunoconjugates can bo prepared by directly conjugating an antibody component with a 
tbennwiilic agent The general procedure is analogous to the indirect method of conjumm'c*except mat a 
therapeutic agent Is directly attached to an oxidized antibody component ^ 

For ^application ^to linking MHC i/fl peptide/B7 molecules to a latex which has previously cranumted to 
Motto, for avldln assisted Imkmg to a multifunctional ilgand, it will be appreciated that biotmcanbe 
conjugated to a part of a latex sphere which is then linked to MHC peptide and B7 molecules by placing the 
spheres in a confluent layer or m the spheres in a mlcrowells such that only part of the sphere is exposed for 
conjugation and then coating the spheres onto avidin coated plates for the B7 and MHC linkage 
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ft will be appreciated that other therapeutic agents can be substituted for fro chelator! described herein. 
Tnose of ikill m the art will be able to devise conjugation schemes without undue experimentation. 

As a further illustration, a therapeutic agent can be attached at the hinge region of a reduced antibody 
TSSSXS^ f^S* 5 1^***^ For «*»Pfc» the tetanus toxoid peptides can be constructed with 

^2 ?l is ^^ attach fto J"*** * to antibody component As an alternative, such 
pentodes can be attached to the antibody component using a heterobifimcttonal cmte-lraker. Such as n! 
succinyl 3^pyridyldruiio^^oiiate (SPDP). Yu et al., int. J. Cancer 56:244 (1994). General techniques 
^r^^^f^v^ weU * kn0WI1 ^ *e art. See, for example. Wong, CHEMISTRY OF PROTEIN 
CONJUGATION AND CROSS-UNKING (CRC Press 1991); UpeslTcis et aL, "ModSonof 
Antibodies by Chemical Methods." In MONOCLONAL ANTIBODIES: PRINCIPLES AND 
APPUCATIONS, Birch et aL (eds.), pases 1 87-230 (Wiley*U», Inc. 1995); Price. "Production and 
S^.^!^ 0 " of S>riihctio Peptide-Derived Antibodies," in MONOCLONAL ANTIBODIES: 

™^Zv%™$^™% Ami CUNICAL «^ « * «. V M 

As described Above, carbohydrate moieties In the Fc region of an antibody cm be used to conjugate a 
thnrapeutic agent However, the Fc region is absent if an antibody fragment is used as the antibody 
ccmponant of tto immunocojuugate^ Nevertheless, it is possible to introduce a carbohydrate moiety into tbe 
^^? , /^S? te « 8ton ° fan antib0 *' or aaSboi y fragment See. for example, Lau^B * JT* taEwtf 
i 541591 ?! 1 ^ Him5eB * a " V S - No - S.«W53 (1995). The engineered cinfcohydrai moT^ b 
then used to attach a therapeutic agent 

fa addition, those of skill In the art win recognize numerous possible variations of the conjugation methods 

nfe^TK 5 S^r*^? be Med te ««* Poly^nylcnesrycol in order toStoK?" 
hfe of an mtact antibody, oranugen-brading fragment thereof; in blood, lymph, or other extracellular 
flmds^otieover, it is possible to construct a "divalent immurmconjugnte" by attaching therapeutic agents 
to a carbohydrate meiery and to a tree siufhydryl group. Such a Bee s^Sydryl group m^^cSHe 
hinge region of the antibody component ° p r»«»«Boin«w 

r^™fJ^^ em,iniDg 5? j ^ s P«^«y of an antibody are well-known to those of skill in the art. 
w/?t pfovUed * flM-raam P Ie . by Mole, -Epitope Mapping," in METHODS IN 

^£^ BIOLC £Y' V T ° LtJ ^, 10: MMXJNOCHEMlC^ P ^OTOCO^.M^n(ed.). pages 
( T?^" urr r aPrel '-S c : >^)- More specifically, competitive blocking assays for example^ 
^Sftffi are described by Stein bt al., Cancer Immunol IrrTunothTS 
(1993). and by Tedder et aL. U.S. Pat No. 5.484.892 0996). 

In another aspect the invention is directed to a bispecific ligand, preferably a bispecifc antibody 
™ZTS' Ba f,f « «"*ody exponent, which binos^SS toaftat cell 

speciflcaUy to a second eeB surface associated ligand on the same cell, and wherein the functional affinity 
W ?? e j! ,,d ?f Bn *\ b0 ? «™1body components is selected so as to substantiaUyltant 
fimcbomal bmdmg unless both of said first and second antibody components ere substantially 
oorrtemporaneously bound to said cell. It is known to provide afunctional Ugands wherein functional 
bmdmg, for example, to accomplish signal transduction, is predicated on botf^igs^^X^d or 

ftnchonal affinity of the respect, vo hgands. According to a broad aspect of this invention Gn which 
n^uswm of a ligand which binds to a lymphatic vessel associated marker is optional), rite invention 
excludes known such bispecific Ugands which inherently have a suitable differential rukctloZ atfinfty 
^^ ,BC l & ^ m VT^ hatbk - By controlling the affinity of at leaTowSd Cfefbr 
sample when the functional affinity of one said Uganda is substantially less than that of tlm^atheS.d 
M^S^SC^Ml! 8 P"™^ of the administered dose of the A 

Mgand will affect cells In which only bom Uganda are present, and/or that a reduced nercentaee of the dn SB 
atou^wlUj^or^bh,dtothe 

fZ3E2!t2Z s ^ afflnhy ofone "sand Is greatly Increased to establish So 

^nd^d^^an^S?™ &netfa, » a f Ugands is reduced relative to that of a 

standard, for example relative- to that of a comparable hgands m band or known in the art or identified by 
phage display, ribsome display or other comparable techniques using a single such ligand. The invention 
also contemplates mat a microarray (or library) of bispeeffie KgandTfa whh* for the bkS 
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ligand u "tethered" (I©. Immobilized) dircctry or indirectly in virtue of one or mere ammo acid residues 
which are positioned within the molecule to preferably minimally interfere with any binding, and in which 
the signal (eg its intensity) associated with a single Ugand binding interaction can be dlfleremtfatBd from a 
two or more Ugand interactions, for example cell surface binding (alternatively the Uganda or cell may be 
m rmobflizB d) and that ribsome and phage display could be adapted to bispeclfie single domain aatf bodies 
constfortmg a single chain (see references harem) by elongating the end of the chain from which die 
molecule is tethered. The invention corrtemplates mat the affinity of one such ligand may he fixed and that 
the vanabiliiy in members of the library lies in the permutations of certain key residues to which binding is 
attributable which can readily be identified by persona stalled in tha art The invention also contanvnlatas 
assessing single ligand binding capability of successor! bl-llgand binders for example by blocking tha other 
(tton-asscssed time ) (eg. with correlative ligand or a mhnotope thereof) and for example 
determining limited or non-existent such binding to as well as using Inclined ligand testing surfaces for 
washing over the correlative ligand, for example of defined surface area, including preferably defined 
lengths and widths and concentrations / distributioiis / amounts of the bound ligand, when the degree of 
incline is selected to roughly simulate the rmcro-covironment of the comparable in vivo target be ft a 
stationary cell with a roughly defined average shear force of bathing fluids eg. within a tumor or in die 
lymphatic system, or a mobile cell within a vein, artery, or lymphatic vessel, including those of different 
sizes. The ummuon is also directed to a mthod of generating a target ligand or improving tho target 
specificity of any ligand by using a population of variants of that ligand within a micro-environment 
simulated mlcroarray system in which the at least one of the follwing factors is simulated: concentration or 
amount or distribution of correlative ligand, shear force and shape using length and width parameters to 
simulate* iirtralurnjnal diameter and IcngUxThe invention also contemplates in the case of anram^ctianal 
ugand or m the case of a Hspeeific or mrnhfepeofic ligand (aa herein described) mat the affinity of Ha 
component binding Uganda may be selected for venous or arterial tageting or to accommodate lymphatic 
system targeting or targeting within or throu^i tissues or combinations of the aforementioned eg. median 
average or or weighted compromise* to improve desired targeting. Tn a preferred embodiment me first 
ligand is selected on the basis of its ability to at least partially discrimirmrc between a target population of" 
cells (eg. a ligand that is '^associated* with a target population of cells) and a non-target population of eel Is 
(w ope ernbodiment it is selected so as to have no other effect other than binding for tarjtetinft fmroesert 
and the second ligand is selected for its ability to modulate the activity of metogeted celL^Sin 
virtue of binding alone eg. without delivering a paytoad (the term modulate itrferring broadly to anydesired 
effect on the call or its functionality) In this case fits runctional affinity for die Ugand which is targeted far 
modulating the activity of the ceil (s selected so as to reduce foe likelihood of binding unless bmdbift has 
first or contemporaneously occurred to the first Ugand targeted for selectivity (eg. the second Ugand i would 
have monovalent as opposed to divalent binding to the ligand required for selectivity and/or from 0.20 to 
IP [°W«ducbon m affinity (for example as measured by Blacore) relative to the binding affinity forme 
first ligand. This reduction In affinity Is preforahry greater than a 100% reduction In affinity (multiply by 
OO). preferably greater than a 20054 reduction in affinity, preferably greater than a 300% reduction m 
affinity, preferably greater than a 400% reduction in affinity, preferably graatar than a 500% reduction in 
affinity, preferably greater man a 600% reduction hi affinity, preferably greater than a 700% reduction ip 
affinity, preftrahly greater man a 800% reduction in affinity, preferably greater then a 900% reduction In 
afltoiry, preforably greater than a 1000% reduction in aflmiry! p/efombiyVattr than a20W%Son in 

affinity, preferably greater man a 3000% reduction in affinity, jmrfcrabry greater than a 4000% reduction in 
affinity, preferably greater than a 5000% reduction in affinity, preferably greater man a 6000% reduction in 
afflttity. preferably greater than a 7000% reduction in affinity, preferably greater man a 8000% reduction In 
affinity, preferably greater than a 9000% reduction in affinity, preferably greater than a 10000% reduction 
m affinity, preferably greater man a 20000% reduction in affinity, preferably greater than a 30000% 
reduction in affinity, preferably greater than a 40000% reduction in affinity, preferably greater than a 
50000% reduction In affinity, preferably greater than a 60000% reduction m affinity, preferably mater 
than a 70000% reduction In affinity, preferably greater than a 80000% reduction in affinity, preferably 
greater than a 90000% reduction in affinity, preferably greater man a 100000% reduction in affinity 
preferably greater man a 500000% reduction in affinity, preferably greater man a 1000000% reduction In 
affinity, preferably greater than a 10000000% reduction in affinity, preferably greater than a 20000000% 
^^^J"?**™^' Freforahry a greater than 3000000% reduction m affinity, preferably a greater than 
40.000,000% reduction hi affinity, preferably a greater man 50000000% reduction in affinity, preferably & 
greater than 60000000% reduction In affinity, preferably a greater than 70000000% redaction Sn affinity, 
preferably a greater than 80000000% reduction in affinity, preferably a greater than 90000000% reduction 
m affinity preferably a greater than 100,000,000% reduction in affinity, preferably a reduction in affinity of 
between one and two orders of magnitude, preferably a reduction in affinity of between two and three 
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n^ivTS 8 ' J^foably a reduction fa affinity of between three and four orders of mamatede. 
pretirabjy a reduction m affinity of between four and five orders of maenitud^ rm.fernM» 7~j. • 
affinity of between five and six order, ofmng^^^JS^^^L^^Z 

TOudc. pretty a reduction fa affinity ofnetween eight and nine order* ofmaST^Lablv a 
reducnon m affinity of between nine and ten orders of magnitude. uiagoauao, preKraoiy a 

iSS^SSS^^T^!^ ***** taafflah y. " a»y,wiU depend on the valency ofthe 
h2E£1*Za$??* <m<l * e 5e,ected affini, y "fthe ffwtHgand, which iSL, hflvc 

been augmented. The invention also contemplates a trlspeclflc (and trJavalent) Ugand to wMeh wo SwSk 
differently define its specificity to reduce the likeliboodof an ^inoSS^Zh^^S^ 3 
^^^ybtodfas alone. In tarns of the ^^cao^^^t^hSS!StlS£b^ 
capability, the Invention also contemplates linking three monovalent dabsWus w-the Kte^ mL^? B 

oo^^^ ereo /° rtwoMvalentdab3 ' MRUs ortJ^ Ltoorinbced^So^^f^wo 
?? /420 ^.tlS "74691, WO002900*. Camel sfagle^maln 

Chem. 2000 Oct 25. & Mulligaa-Kchoe U.S. patents Including OS S70289i m I«S«n? 8 « 2L?/« 

fta «^tl - - "5 flmca ° T,B ' bmd ! I, e » used to refer to binding which yields the desired effect 

^™f' = » ««P«?e effect on a target cell population anribwable ro L binding to one orbodh 
■gauds. Using the previous example, one Ugand, eg. the first Ugand. may be used totare««Sv^ 

hgand, for example the ratio of targeted relative nonWted cells afltoKLSS 8 

S. reftn '^SS tter,tan70to P«fa*y greater thin M to^Wpre^^^tlL^o i 

ft™ 11 ** appreciated typei*^^ . _ 

Mh££? f^" 8 MS8n ? 'L ClUd!n f ft0Se invo,VEd fa tantrune scaling, sthnn^r^S^ 
inhibitory, adhesion or other interactions. Including without limitation. c%&ln*™™i£H^JT^™' 

•ui/ wjwa , US 6132980, > and specific immune cell clones frr example those bavin* sneeifiA i* nm- w 
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The inventi on also contemplates that tilts therapeutic function or immune function effecting Bgand is also a 
specificity imparting ligand, which in the cssa of for example, an antigen presenting cell may he an 
antibody which recognizes and binds to a specific MHC peptide complex, as Is established in the art (see 
pertDtent Chames tt aL references herein, see also WO 97/02342 , Direct selection of a human antibooV 
fragment directed against the tumor T-Ccll epitope HLAnAl -MAGE-A i from a nonimmuniifid phagc-Fab 
library. Free Natl Acad Sci USA. 2000 Jul 5; 97(1 4*7969-74). In this case it will be appreciated that the 
AFC targeting ligand assist the particular MHC peptide binding antibody to bind to its target 

See also WO 97/07819 which is hereby disclaimed with respect to all relevant aspects of the invention 
herein insomr as inherently disclosed therein. See also US 5,770,403 with respect to antibodies which bind 
to cytokines. 

in one embodiment, the respective antibody components of the multispecific ligand recognize a 
substantially different subset of non-targetted tissues so that functional binding to a non-targe tted tissue is 
substantially precluded. It will be appreciated mat this strategy can be accomplished with two different 
antibodies have differing and preferably non-overlapping normal fc. non-targeted tissue distributions. In a 
preferred embodiment the target cell is a cancer cell and the respective first and second cell surface 
associated ligands are expressed on different subsets of normal cells, which are non-overlapping subsets, so 
as to minimize deleterious normal cell targeting and disticutc the undesired effects or normal cell targeting 
(eg. with a toxin), to different cell population*. For example in the case of tumor cell targeting one or both 
ligands may be expressed exclusively on a single tumor type (eg. a human sarcoma or carcinoma. eg., 
fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, 
endomeiiosarcoma, rympluuiglosarcoma, lymphangloendorheliesarcoma, synovioma, mesothelioma, 
Ewintfs tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, 
ovarian cancer, prostate cancer, squamous ceil carcinoma, basal cell carcinoma, adenocarcinoma, sweat 
gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, 
cystedenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile 
duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms 1 tumor, cervical cancer 
testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, 
glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma, heman^oblastoma, 
acoustic neuroma, oligodendroglioma, meningioma, melanoma, neuroblastoma, retinoblastoma; 
leukemias, eg., acute lymphocytic leukemia and acute myelocytic leukemia (mycloblaatic, promyelocytic, 
myelomonocytic, monocytic and erythrolcokcmia); chronic leukemia (chronic myelocytic (eTamdocytic) 
leukemia and chronic lymphocytic leukemia); and polycythemia vera, lymphoma (HodgfchVs disease and 
nonrHodgkhvs disease), multiple myeloma, Waldenstrom's maeroglobulinemia, and heavy chain disease) 
or a particular category of tumor types (eg. adenocarcinomas, tumors of neuroectodermal origin, or on 
multiple different tumor types or categories of tumor. One or both components (Ihey may be the same or 
different) may be a dAb, a scFv, an Fab, a roinibody moiety or a substantially Intact antibody, for example 
borJimay be seFvs and the resulting product may be a diaboey, triabody, or tetrabody. For example In a 
preferred embodiment me bispecific antibody comprises two dAb components comprising linked via a 
hnker (see above) and having at least at least part of a constant region for fiision for example to a toxin (eg. 
at leart a parted hinge region, and preferably also at least a partial CH2 domain (optionally also at least a 
partial CH3 domain). In another embodiment, a trispeeific antibody or tetraspecific antibody with at least 
two different and preferably 3 or 4 subsets (preferably at least one or more of such subsets being non- 
overlapping subsets) of non-targeted cell reactivities may be employed in the form of a trispeeific or 
tetraspecific antibody respectfvery whereby up to three or four different pairs of Uganda are targeted, so as 
further niinunize normal cell targeting and also preferably target a heterogenous population of celts within 
the same tumor. Ligands with distributions on normal tissues are well known, some being referenced 
herein, for example CEA, CD-20, P53, epidermal growth factor, including known mutacarcmomic and 
pancarcinomic ligands (eg. see USS, 171,665, US 4349528. 

The term functional binding is used to mean binding for the purpose of accomplishing the object of the 
binding, for example binding for a sufficient duration to inhibit or enhance a particular effect, such as cell 
killing, for example in the case where one bom antibody components are selected tor their ability to 
internalize, binding for a sufficient duration to permit internalization, for example to deliver a toxic 
payload. As discussed above, the term substantially in reference to therapeutic advantage is used to refer to 
n degree which provides a significant benefit from a therapeutic standpoint 
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Examples of tumor associated antigens (eg. WO 01/21 828) and targets and related antibodies are 
referenced throughout the disclosure and the foregoing aspect of the invention is for greater certainty 
directed to bispeciflc antibodies (including trispecific end tetraspecific antibodies, optionally including a 
component which also binds to a lymphatic vessel associated llgand), which target each of the 
combinations and pennuationv of the target cell (diseased, disease causing or immune) associated antigens, 
ligands, epitopes or receptors well known to those skilled in the art, herein directly or Indirectly referenced 
or referenced in the materials herein incorporated by reference (ie. permutations and combinations of pairs 
or where a tri-or tetra- specific antibody is used possibly permutations of (3 or 4) groups of pairs including 
for example pairs In which one member Is used for targeting and the second is used for modulation puposes 
such modulation including without limitation, simple binding eg. to deliver a payload, apoptosls inducing 
(eg. aml-fes), modified vascular adhesion properties {eg. anti-CD44), modified cytokine binding (anti- 
CCR5) etc.(re: relevant ngandVmadcers see also USP 6.010,902 and the references cited therein. Samlet's 
Immunologic Diseases, Fifth and Sixth Edition, Lippincott, Frank Austen, MD Michael M. Frank, MD 
John P. Atkinson, MD Harvey I, Cantor, MD (6*-ISBN: 0-7817-2120-2); Fundamental Virology, Third 
and Fourth Edition, Lippincott David M. Knipe> PhD Peter M. Howley, MD Diane E. Griffin, MD, PhD 
Robert A. Lamb, PhD, ScD Malcolm A. Martin, MD Bernard Roizman, ScD Stephen E, Straus, MD (4*- 
I5BN: 0-78 1 7-1 833-3); Arthritis and Allied Conditions - A Textbook of Rheumatology, Thirteenth and 
Fourteenth Editions, William J. Kooproam MD 14*:ISBN: 0-7 8 17-2240-3, November 2000; Cancer - 
Principles and Practice of Oncology, Fifth and Sixth Editions, Lippincott. Vincent T. DeVita, Jr., MD 
Samuel Hellman,MD Steven A. Rosenberg, MD, PhD ISBN; 0-7817-2229-2; Dubois' Lupus 
ErythematoBus, Fifth Edition, Daniel J. Wallace, MD ISBN: 0-683-08665-0, December 1 996; Cytokine 
Therapeutics in Infectious Diseases, Steven M. Holland, MD, PhD, Lippincott, ISBN: 0-78 17-1 625-X, US 
6054561), in each of thoir permuatations of size/valency (le. dabs, sePv, diabodles etc herein referenced) as 
applied to each of the applicable disease conditions herein referenced or otherwise known to those skilled 
in the art. 

With respect to recombinant techniques for producing Fv fragments see also WO 88/01649, WO 88/06630. 
WO 88/07085, WO 88/07086, and WO 88/09344. 

With respect to preparing ligands for specific MHC peptide complexes see also WO 01/22083,- Direct 
selection of a human antibody fragment directed against the tumor T-ceil epitope HLA- A I -MAQB-A 1 
from a noninrmunizBd phaga-Pab library. Proc Natl Acad Sci U S A 2000 Jul 5;97(14):7969~74. 

Wiih respect to bispecific antigen binding construct* that are suitable for for binding to more than one 
antigen on the same cell see aiso Schmiedl A et al Protein Eng2OO0 Oct !3(l0):725-34. 

Preferred immunoconjugates include radiolabeled antibody components and conjugates of an anti-Lyve- 1 
antibody component and an antibody component which comprises an immune modulator. 

A radiolabeled immimocoajugate may comprise an .aJpha,-emittmg radioisotope, a 3-ernittmg 
radioisotope, a gamma emitting radioisotope, an Auger electron emitter, a neutron capturing agent that 
emite alpha-partietes or a radioisotope that decays by electron capture. Suitable radioisotopes include m 
An, » p,. «* i, m J. * Y, lM Re, lu Re, Cu. 2U At, and the (ike 

As discussed above, a radioisotope can be attached to an antibody component directly or indirectly, via a 
chelating agent For example, 67 Cu, considered one of die more promising radioisotopes for 
radioimmunothcrapy due to hs 61 .5 hour half-life and abundant supply of beta particles and gamma rays, 
can be conjugated to an antibody component using the chelating agent, p-bromoacetamido-benzyi- 
tenaethylammetetraacetic acid (TBTA) . Chase, "Medical Applications of Radioisotopes,** in Remington's 
Pharmaceutical Sciences, 18th Edition, Gennaro et aX (eds.), pages 624-652 (Mack Publishing Co. 1990) 
(see also 19* edition of Rcmmton's), Alternatively, " Y, which emits an energetic beta particle, can be 
coupled to an antibody component using dietbylenetnanunepentaacetic acid (DTPA). Moreover, a method 
for the direct radiolabeling of the antibody component with lis described by Stein et a!., Antibody 
Immunoconj. Radiopharm. 4: 703 (1991) (see also USP 6„ 080, 384). 

Alternatively, boron addends such as earboTanes can be attached to antibody components, as discussed 
above. 

In addition, therapeutic immuno conjugates can comprise an immunomodulator moiety suitable for 
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application for the purposes herein. Broadly speaking, the term ''immunomodulator** includes cytokines, 
stem cell growth factors, lymphotoxins, such as tumor necrosis factor (M), and hematopoietic factors, 
such as Interleuktns (e.g., interleuicm-l (IL-l), TL-2, TL6, TL-IO and IL-12) f colony strrnutaring factors 
(e g-, granul ocyte-co 1 ony stimulating factor (G-CSF) and granulocyte macrophage-colony stimulating 
factor (GM-CSF)), interferons (e.g-. interferonsalpha, .beta and gamma.), the stem cell growth factor 
designated "Si factor," erythropoietin and thrombopoictin. Examples of suitable immunomodulator 
moieties include TL-2, IL-6, IL-10, IL12. iottrfcroo-gaimna.. TNF-Mpha., and the like. 

A related form of therapeutic protein is a fusion protein compri si ng an antibody moiety and an 

Methods of making antiba dy-mummoma dulator fusion proteins are knows to those of skill in the art as 
discussed herein. For example, antibody fusion proteins comprising an interleuWo-3 moiety are described 
by Boleti et al., Arm. Oncol. 6:945 (1995), Nicolfit et &L. Cancer Qcne Thcr. 2il6\ (1995). Becker et ai.. 
Proc Nafl Acad. Sci. USA 93:7826 (1996), Hank et al„ Clio. Cancer Res. 2:1951 (1996), and Hu et Ed., 
Cancer Res. 56:4998 (1996). In addition, Yboe et at. Hum. Antibodies Hybridomas 6:129 (1995), descrftje 
a fusion protein that includes an F(fttf)2 fragment and a tumor necrosis factor alpha moiety. 

Such imimmoconjugates and antibody-mirauTiomodalator fusion proteins provide a means to deliver an 
tamunomodulator to a target cell and ere particularly useful against tumor cells. The cytotoxic effects of 
inununomodulators are well known to those of skill in the art See, for example, KJo et aL, "Lymphokines 
and Monokines," in Biotechnology and Pharmacy, Pessuto et al. (eds.)» pages 53-70 (Chapman & Hall 
1 993) oa woll as other references herein cited. As an illustration, interferons can inhibit cell proliferation by 
inducing Increased expression of class I histocompatibility antigens on the surface of venous cells md thus, 
enhance the rate of destruction of cells by cytotoxic T lymphocytes. Furthermore, tumor necrosis factors, 
such as TNF-aipha., are believed to produce cytotoxic effects by inducing DMA Augmentation. 

Moreover, therapeutically useful immunoconjugates can be prepared in which an antibody component is 
conjugated to a toxin or a chemomerapeutJc drug. Illustrative of toxins which are suitably employed indie 
preparation of such conjugates are ricin, abrto, ribonuclcase, DNasc I, Staphylococcal enterotoxin-A, 
pokewscd antiviral protein, getontn, diphtherin toxin, Pseudomonas exotoxin, and FSeudomonas endotoxin. 
See,Toferences herein as well as for exaropte, Pastan et ah, Cell 47:641 (1986), and Goldenberg, CA-A 
Cancer Journal for Clinicians 44:43 (1994), Other suitable toxins are known to those of skill In the art 

With to respect to bispecifie antibody constructs which are capable of binding simultaneously to two 
ligands on die same cell see also W096732841 . Various such constructs arc known in the artAn alternative: 
approach to introducing the combination of therapeutic antibody and toxin is provided by antibody-toxin 
fusion proteins. An antibody-toxin fusion protein is a fusion protein that comprises an antibody moiety and 
a toxin moiety. Methods for making antibody-toxin fusion proteins are known to those of skill m the art 
(see references cited herein); amlbody-Pseudomonas exotoxin A fusion protein* have been described by 
Chaudhary et al., Nature 339:394 (1989), Brakmann et al., Proc. Nafl Acad. ScJ. USA 88:8616 (1991). 
Batra ct aL. Proc Nari Acad. Scl. USA 89:5867 (1992). Friedman et al., J» Tmmunol. 150:3054 0993), 
Wcla et al., Int. J. Can. 60:137 (1995^ Fominaya et al., J. Biol. Chem. 271:10560 (1996), Kuan ot al., 
Biochemistry 352872 (1996), and Schmidt et aL, Int. J. Can. 65:538 (1996). Antiboo>toxln fusion 
proteins containing a diphtheria toxin moiety have been described by Kreitman et aL, Leukemia 7:553 
(1993). Nlcholls et aL, J. Biol. Chem, 268:5302 (1993), Thompson et at, J. BioL Chem, 27028037 (I995>, 
and Vallera et aL, Blood 8S:2342 (1996). Deonanun et al. Tumor Targeting 1:177 (1995), have described 
an antibody-toxin fusion protein having an JRNase moiety, while Linardou ct al., Cell Biophys. 24-25:243 
(1994X produced an antibody-toxin fusion protein comprising a DNasc I component Gelonin was used as 
the toxin moiety in the antibody-toxin fusion protein of Wang et aL, Abstracts of the 209th ACS National 
Meeting, Anaheim, Calif., Apr. 2-6, 1995, Part 1, BIOT005. As a further example, Dohlsten et aL, Proc 
Nafl Acad. Sci. USA 91:8945 (1994), reported an antibody-toxin fusion protein comprising Staphylococcal 
enterotoxln-A. Numerous other examples have been reported in die Uteraiure. 

Useful cancer chemothcrapcuilc drugs for the preparation of uumonoconjagates include nitrogen mustards, 
alkyl sulfonates, nitrosoureas, triazenes, folic acid analogs, pyrimidine analogs, purine analogs, antibiotics, 
eprpodophyllotoxins, platinum coordination complexes, hormones, and the like. Suitable ohomotheiapeutio 
agents arc described in Remington's Pharmaceutical Sciences, 19th Ed. (Mack Publishing Co. 1 995), and 
in Goodman and Oilman's The Pharmacological Basts of Therapeutics, 7th Ed. (MacMUlan Publishing Co. 
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1985). Other suitable chera ©therapeutic agents, such as exprnmenlal drugs, are known to those of skill hi 
the art. 

In addition, therapeutically useful fcnmunoconjugates can be obtained by conjugating photoactive agents or 
dyes to an antibody composite. Fluorescent and Other chromogens. Or dyes, such as porphyrins sensitive to 
visible light, have been used to detect and to treat lesions by directing the suitable light to the lesion. In 
therapy, this has been termed photoradiarion, phototherapy, or photo dynamic therapy (Jori et nl. (eds.), 
Photodyuamic Therapy of Tumors and Other Diseases (Ubreria Progetto 1985); van den flergh, Cham. 
Britain 22:430 (1986)). Moreover, monoclonal antibodies have been coupled with photoactivated dyes for 
achieving phototherapy. Mew et aJ. # J, Immunol 130:1473 (1963); idem., Cancer Kes. 45:4380 (1985); 
Oseroffet al M Proa. Natl. Acad. Set USA 83:8744 0*86); idem,, Photochem. Pbotobiol. 46:83 (1987); 
Hasan et al., Prog. CJin. Biol. Res. 288:471 (1989); Tatsuta et a].. Lasers Surg, Med. 9:422 (1989); 
Pelegrin et al., Cancer 67:2529 ( 1 991). However, these earlier studies did not include use of endoscopic 
therapy applications, especially with the use of antibody fragments or subftugments. Thus, the present 
invention contemplates the therapeutic use of immunoconjugates comprising photoactive agents or dyes. 

With respect to a multifunctional ligand having a first portion that binds to both lymphatic endothelial cells 
and tumor vasculature, the invention contemplates using phage display or ribosome display to generate an 
antibody mat binds to vefgr-3 as well as one or both of of vegfr-2 or vegfr-1, having regard to me 
sequences of those respective receptors (see USPs 5,776,755, 5877020, 5952199, 6107046, 6130071, 
6221839. 6235713, 6245530; see also WO 00/21560, WO 95/33772. WO 97/05250. WO 98/33917). 
Preferably the antibody does not internalize, particularly in the case where the multifunctional ligand is 
fused or conjugated to a toxic moiety. The invention also contemplates, for example, fusing the binding 
domain ofVEGF-C or VEGF-D to antitumor antibody. Hie invention also contemplates that the risk of 
retargeting cancer cells to non-tumor sites of angiogenesis, can be minimized by employing one or more of 
the following strategies pre- and/or co-treatment with inhibitors of angiogenesis, providing the 
multifunctional ligand with an effector function, such as a toxic moiety, cytokine or antibody component 
which retargets Immune cells capable of killing such cancer cells. The invention also contemplates using in 
combination or alone a multifunctional ligand having a second portion that comprises an anti-VEGF 
antibody portion which binds to one or mora of the VEOF family of Uganda in order to inhibit 
tyraphnnglogenesls and/or angtogenesis. (see also for example, WO 00/37025, WO 98/33917, USP 
6130071, WO 01/12669). With respect to angiogenesis and particularly iymphangiouenesis see also; 1; 
ShibuyaM. Structure and function of VEGF/VEGF-receptor system involved in angiogenesis. Cell Struct 
Funct, 2001 Feb;26(l);25-35: Yonemura Y, et alXymphangiogencsis and the vascular endothelial growth 
factor receptor <VEGFR)-3 in gastric cancer Eur J Cancer. 2001 May;37(7):91 8-23.! HJin K, et alVEGFRS 
gene structure, regulatory region, and sequence polymorphisms FASEB J. 2001 Apr; 15(6): 1028-36.: Tang 
RF, et alOverexpresslon of lymphangiogenic growth fector VECF-C in human pancreatic cancer. Pancreas. 
200 1 Apr,22(3);285-92; Kauambi A, Carreira CM, Yun CO, Padera TP, Dolmans DB. Carmeltet P, 
FukumuraD, Jain RK.Vascular endothelial growth factor (VEGF)-C differentially affects tumorvascuiar 
funcrlon and leukocyte recruitment role Q f VEGF-rcceptor 2 and hostVEGF-A.Cancer Res. 2001 Mar 
15;6l(6):24Q4-S. Karpancn T, et alVasculaT endothelial growth factor C promotes tumor 
lymniutngiogenesis and intra lymphatic tumor growth. Cancer Res. 2001 Mar 1;61(S): 1786-90: Baldwin 
ME, et al The Specificity of Receptor Binding by Vascular Endothelial Growth Fnctor-D Is Different in 
Mouse and Msa. I Biol Chera. 2001 Jun 1;276(22):19166-19I71: Nild T, et al J Pathol. 2001 
Apr; 1 93(4);450-7: Veikkola T, et al Signalling via vascular endothelial growth factor receptor-3 is 
sufficient fbrlyraphanglogenesis in transgenic mice. EMBO J.2001 Mar 15;20(6):1223«31 Achen MG, et al 
Localization of vascular endothelial growth factorWD in malignant melanoma suggests a role in tumour 
angiogenesis. J Pathol. 2001 Feb:193C2): 147-54 Stacker SA, et alVEGF-D promotes the metastatic spread 
of tumor cells via the r/mphatics. Nat Med. 2001 Feb;7(2): 186-9 1 Plate K. From angiogenesis to 
lymphangiogenesis. Nat Med. 2001 Feb;7(2): 151-2. . Joukov V, et a); A novel vascular endothelial growth 
factor, VEGF-C, is a ligand for the Flt4 (VEGFR.-3) and KDR (VEGFIU2) receptor tyrosine 
kmases.EM&O J- 1996 Apr 1;15(7)!t751. Lee J, et al, Proc Nad Acad Sel U$A. 1996 Mar S;93(5):1988- 



Multimodal therapies are also contemplated within the present invention, including particularly for cancer, 
therapies which can be determined to be useful complementary therapies for the anti-metastatic 
embodiments of mis invention such as auti-angiogenic Ab conjugates 
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la another form of multimodal therapy, subjects receive the muldftoctiona] Uganda of the present 
rnvermonmid standard cancer chemotheiapy. For example, "CVB n fkjs gfai^ap.2 cyclophosphamide, 200- 
400 mg/hr 1 etoposlde, and 1 50-2OD mg/m 2 cannustine) Is a regimen used to treat non-Hodgkin's lymphoma. 
Patti et AL. Eur. J. Haematol 51:18 (1993). Other suitable combmation chenratherapeutie regimens are 
well-known to those of skill in me art. See. for example, Freedman et aL, rt Non-HodgkhV3 Lymphoma*," m 
Cancer Medicine* Volume 2, 3rd Edition, Holland ct ax (eds.X pages 202$-206*8 (Lea & Febiger 1993). As 
an illustration, first generation chemothwapcutic regimens Cor treatment of intonncdiatc-grade non- 
SSS^J* i y m P h03na Jnclude C-MOPP (cyclophos^iamide, vmcriatmc, procarbazine and prednisone^ and 
CHOP (cyclophosphamide, doxorubicin, vtaorlstlne, and prednisone). A useful second generation 
chemotherapeutic regimen is m-BACOD (methotrexate, bleomycin, doxortibiem. cyclophosphamide, 
vmcristme, dexamathasone and tcucovorinX while a suitable third generation regimen if MACOP-B 
(methotrexate, doxorubicin, cyclophrtmbarmdc, vincristine, prednisone, bleomycin and Ieucovorin). 
Additional useful drugs include phenyl butyrate and brostatra- 1 , 

In general, the dosage of administered multifunctional ligands, immunoconjugates, and fusion proteins will 
vary dependkg upon such meters as the patient's age, weight, height, sex, (general medical condition and 
previous medical history. T^icalry, it is desirable to provide the recipient with a dosage of antibody 
component, immunoconjugate or fusion protein which is generally at tease fn Urn range of from about I 
PSfcg to 10 mg/kg (amount of agent/body weight of patient), although a lower or higher dosage also may 
be administered as circumstances dicaaxe, particularly to take advantage of the depot effect of the invention. 

Administration of the invention including, hnrnuncemjugates or fusion proteins to a patient can bo 
intravenous, intraarterial, intraperitoneal, imramuscular, subcutaneous, Intrapleural, hiirarJxecal, by 
perfusion through a regional catheter, or by direct mtnOejipna] injection. When administering merapeutic 
proteins by injection, the admiiiisttation may be by continuous infusion or by single or multiple boluses 



Those of skill in the art are aware that intravenous injection provides a useful mode of administration due 
to the thoroughness of the circulation In rapidly distributing antibodies. Intravenous administration 
however, is subject to limitation by a vascular barrier comprising endothelial cells of the vasculature and 
the ^endothelial matrix. Still, the vascular barrier is a more notable problem for the uptake of therapeutic 
antifaodjes by solid tumors, Lyrrnmomas have relatively high blood flow rates, coutrftutmgto elective 
luitibody delivery. Ino-alymphatie routes c^admfmstrarJon, such as subcutaneous or mtramuscular Injection, 
or by catharization of lymphatic vessels, also provide a useful means of treating lymphomas. 

With regard to "low doses" of 131 Haheled immujioconjugates. the Invention includes a dosage is in the 
range of 1 5 to 40 mCi, 20 to 30 mCi. In contrast, a preferred dosage of* Y-tabeled Immunoconjugates is in 
the range from 10 to 30 mCi, while the more preferable range is 10 to 20 mCL 

Immunoconjugates having a boron addend-loaded carrier for thermal neutron activation therapy will 
normally be effected in similar ways. However, it wiU bo advantageous to wait until ncm-targeted 
luinmnocwijowte clears before neutron irradiation U performed. Clearance can be accelerated using an 
antibody mat binds to the Immunoconjugate. see TJ.S. Pat. No. 4,624,846 for a description of this general 
principle. 

The hnmimoconjugatea, and fusion proteins of the present Invention can be formulated according to known 
methods to prepare pbaiimcenticalry useful compositions, whereby the therapeutic proteins are combined 
in a mixture with a pharmaceutical!^ acceptable carrier. A composition is said to be a **puannaceuticaliy 
acceptable carrier" if its administration can be tolerated by a recipient patient. Sterile phosphate-buffered 
saline is one example of a rAarmaceutically acceptable carrier. Other suitable carriers are well-known to 
those in the art See, for example, REMINGTON'S PHARMACEUTICAL SCIENCES, 19th Ed. (1995). 

For purposes of therapy, antibody components (or irnmunoconjugates/rusion proteins) and a 
phainiaceutiealry acceptable carrier are administered to a patient in a therapeutically effective amount. A 
combination Of an antibody component, optionally with an miraunwonjugate/ruMcn protein, and a 
pbarmacouticaEtY acceptable carrier Is said to be admmlstered in a "therapeutlcalry effective amount" if the 
amount administered is physiologically significant An agent is physiologically significant if its presence 
results in a detectable change in the physiology of a recipient patient In one aspect; an agent is 
physiologically significant If Its presence results in the inhibition of the growth of target tumor cells. 
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Yet another therapeutic method included In the invention is a method of treating cancer by administering to 
an animal suffering from cancer a phannaceuticalty effective amount of one or more mnlii functional 
Uganda capable of binding to cancer cells, wherein the compound Is associated with a substance capable of 
damaging cancer cells. 

Pharmaceutical compositions herein described or alluded to include multifunctional Ugands of the 
invention or therapeutics used in combination therapy which may be administered by a variety of routes of 
admlnstratlon. 

By administration of an "effective amount" is Intended an amount of the compound that Is sufficient to 
enhance Or Inhibit a response, Is some embodiments paitxculsrly en rmmane response or cellular response 
to a multifunctional ligand. One of ordinary skill will appreciate mat eflbcttve amounts of a multifunctional 
ligand can be determined empirically and may be employed in pure form or, where such forms exist, in 
pharmaceutjoally acceptable salt, ester or prodrug form. The multifunctional ligand may be administered in 
compositions in combination with one or more pharrnaceutically acceptable exciplents. It will be 
understood that, when administered to a human patient, the total daily usage of the compounds and 
compositions of the present invention will be decided by the attending physician within the scope of sound 
medical Judgement The specific therapeutically effective dose level for any particular patient will depend 
upon a variety of meters including the type and degree of the cellular response to be achieved; activity of 
the specific multifunctional ligand employed; the specific composition employed; the age, body weight, 
general health, sex and diet of the patient; the time of administration, route of administration, and Tate of 
excretion of the agonist or antagonist; the duration oflho treatment; drugs used in combination or 
coincidental with the specific agonist or antagonist; and like factors well known in the medical arts. 

On administration parcnterally, for example by Lv. drip or Infusion, dosages optionally as leasr on the order 
of from 0.01 to 5 mg/kg/day, optionally 0.05 to 1.0 mg/kg/day and more preferably 0.1 to 1 .0 me/kg/day 
can be used. Suitable daily dosages for patients are thus on the order of from 2.5 to 500 mg p.o., optionally 
5 to 25D mg p.p., optionally 5 to 100 mg p.o., or on the order of from 0.5 to 250 mg i.v„ optionally 2.5 to 
125 mg Lv. and optionally 2.5 to 50 mg i.v. ^ W 

Dosaging may also be arranged in a patient specific manner to provide a predetermined concentration of an 
agonist or antagonist m the blood, as determined by the RIA technique. Thus patient dosaging may be 
adjusted to achieve regular on-going trough blood levels, as measured by RIA, optionally on the order of at 
least from 50 to 1000 na/mj, preferably 1 50 to 500 ng/ml. 

From above, pharmaceutical compositions are provided comprising an agonist or antagonist and a 
pharrnaceutically acceptable carrier or exdpient, which may be administered orally, rec tally, parenteral 1y 
mtraclstcmalry, IntravaghiaDy, intraperitoneally, topically (as by powders, olntmenxs, drops or transdermal 
patch), bucally, or as an oral or nasal spray. By "phannacoutically acceptable carrier" is meant a non-toxic 
solid , semisolid or liquid filler, diluent, encapsulating nuunrial or formulation auxiliary of any type. The 
term "parenteral" as used herein refers to modes of adnimistmtion which include intravenous, 

intramuscular, intraperitoneal, intrastcrnal. subcutaneous and intraarticular injection and infusion. 

Optionally a composition for for paren t era l injection can comprise phaimaceutJcally acceptable sterile 
aqueous or nonaqueous solutions, dispersions, suspensions or emulsions as well as sterile powders for 
^constitution mto sterile injectable solutions or dispersions just prior to use. Examples of suitable aqueous 
and nonaqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols (such as glycerol, 
propylene glycol, polyethylene glycol, and the like), carbmiymetirylceuuIosB and suitable mixtures thereof, 
vegetable oils (such as olive oil), and injectable organic esters such as ethyl oleaie. Proper fluidity can be 
malnialncd, for example, by the use of coating materials such as lecithin, by the maintenance of me 
required particle size in the case of dispersions, and by the use of surfactants. 

Some compositions herein descibed may also contain adjuvants such as preservatives, wetting agents, 
emulsifying agents, and dispersing agents. Prevention of the action of micro organisms may be ensured by 
the inclusion of various antibacterial and antifungal agents, for example, paraben, chlmobutanol, phenol 
sorbic acid, and the like, it may also be desirable to include isotonic agents such as sugars, sodium chloride, 
and the like. Prolonged absorption of the injectable pharmaceutical form may be brought about by the 
inclusion of agents which delay absorption such as alum mum monostearate and gelatin. 
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Tn same cases, in order to prolong the effect of one or therapeutic components herein described, it is 
desirable to slow the absorption trora subcutaneous or intramuscular injection. This may be accomplished 
by the use of a liquid suspension of crystalline or amorphous material with poor water solubility. The rate 
of absorption of die drug then depends upon to rate of dissolution which, in mm, may depend upon crystal 
size and crystalline form. Alternatively, delayed absorption of a pareateraUy administered drug form is 
accomplished by dissolving or suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming micro en capsule matrices of the drug in biodeg radab le 
polymers such as polylactlda-p olyglycoilde. Depending upon the ratio of drug to polymer and the nature of 
the particular polymer employed, the rate of drug release can be controlled. Examples of other 
biodegradable polymers Include polyfrrthoester?) and poly(anhydrides). Depot injectable formulations ere 
also prepared by entrapping the drug la liposomes or microcmuislons which are compatible with body 
tissues* 

The injectable formulations can be sterilized* for example, by filtration through a bacierial-reralning filter, 
or by lncorporadng stefltetag agents in the form of sterile solid compositions which can be dissolved or 
dispersed in sterile water or outer sterile injectable medium just prior to use. 

The inufrlflinfirlftnal llgand can also be administered in the form of liposomes. As is known in the art, 
liposomes ore generally derived from phospholipids or other lipid substances. liposomes are formed by 
mono- Ormulti-lamcftar hydrated liquid crystals that are dispersed in an aqueous medium. Any non-toxic, 
physiologically acceptable and metabolizable lipid capable of forming liposomes can be used. The present 
compositions in liposome form can contain, in addition to the agonist or antagonist, stabilizers, 
preservatives, excWent*, and me like. The preferred lipids are the phospholipids and the phosphatidyl 
choacs (lecithins), both natural and synthetic. Methods to form liposomes are known in the art See, for 
example, Prescott, Ed., Methods in Cell Biology, Volume XIV, Academic Press, New York, N.Y. (1976), 
p. 33ateeq- 



Tha present invention also contemplates a method of treatment in which immimomodulators are 
administered to prevent, mitigate or reverse radiation-induced or drug-induced toxicity of normal cells, and 
especially hematopoietic cells. Adjunct mmmrwrnodulaior therapy allows the administration of higher 
doses of cytotoxic agents due to increased tolerance of the recipient mammal. Moreover, adjunct 
mmnmomoAdator therapy can prevent, palliate, or reverse dose-limiting marrow toxicity. Examples of 
suitable Immimomodiuators for adjunct therapy include G-CSF, GM-CSF, thrombopoietm, IL-I, DL-3, 1L- 
12, and the like. Hie method of adjunct inimimomodulator therapy Is disclosed by Qoldenberg, U.S. Pat 
No. 5,120^25. 

For example, recombinant IL-2 may be administered intravenously as a bolus at 6 x 10* IU/kg or as a 
continuous Infusion at a dose of 18 x 10* lU/m 2 /<L Weiss et el., J. Clin. Oncol. 10:275 (1992). 
Alternatively, recombinant TL-2 may be administered subcutaneousry at a dose of 12 x 10* 1U. Vogcizang 
et al. t I. Clin. Oncol. 11:1809 (1993). Moreover, INF-.gamnia. may be administered subcutaneoiisly at a 
dose of 1.5 xtO 6 U. Lienard et ai f J. Clin. OncoL 10:52 (1992). Furthermore, Nadeau et el., J. Pharmacol. 
Exp. Ther. 274:78 (1995), have shown that a single intravenous dose of recombinant Us-12 (42 JS 
mu_g/ldlogmm) elevated IFN-.gemraa. levels m rhesus monkeys. 

Suitable IL-2 formulations include PROLEUKIN (Chiron CorpJCetus Oncology Corp.; Emeryville, 
CaKf.) end TECTtEUKINCHofrmarai^ Nutley, N J,). ACTOdMUNE (Genentech, Inc.; 

South Sao Francisco, Calif ) is a Suitable IN F-.gamrna. preparation. 

In the preceding detailed description, reference was made to various methodologies known to those of skill 
in the art of molecular biology and immunology. Publications and other materials setting form such known 
methodologies to which reference was made or is made below are incorporated herein by reference in their 
entireties along with references cited therein a* though set forth in full. 

Standard reference works setting forth the general principles of recombinant 0NA technology include 
Watson, J. D. et a], Molecular Biology of the Gene, Volumes T and n, the BenjamuVCummings Publishing 
Company, Inc.. publisher, Menlo Park, Calif. (1 987), Darnell, J. B. et aL, Molecular Cell Biology, 
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Scientific American Books, me^ Publisher, New York, N.Y. (1986); Lewm, B. M. Genes E, John Wiley 
& Sons* publishers. New York, N.Y. Q985); Old. & W.. ct aL Principles of Gene Manipulation: An 
Introduction to Genetic Engineering, 2d edition, University of California Press* publisher. Berkeley, Calif. 
(198 1); Mamatis, T., et oU Molecular Cloning: A Laboratory Manual, 2nd Ed. Cold Spring Harbor 
Laboratory, publisher, Cold Spring Harbor, N.Y. (1989), and Current Protocols in Molecular Biology, 
Ausubel et el, Wiley Press, New York, N.Y. (1989). Standard reference works setting forth general 
principles and techniques of immunology include Handbook of Experimental Immunology Blsckwell 
Science. Incorporated, I8BN;06$20097S6; Antibody Eiigliieerjng Blnckwell Science, Incorporated, 
ISBN;Q6320097S6; Therapeutic Immunology ISBN; 0S6542375X BlaCkwtll Science. Incorporated ; 
Encyclopedia of Immunology (1998) Morgan Kaufrxiann Publishers, TSBN:0 122267656; Immunology 
Mosby, Incorporated, ISBN:07234291 89; Abbas AK. et aL Cellular & Molecular Immunology 4* Ed. 
2000 ISBN 0723650023; BreitUngF. et aL Recombinant Antibodies 1999 ISBN 0-47 M7847-0; 
MasseyeffR. at al Methods of Immunological Analysis Wiley-VCH ISBN 3-527-27906-7, 1992; 
Motmtalneial.Bds > BlotBchnology2 od ed.Vol5A 1998 ISBN 3-527-28315-3 WIley-VCH; Campbell, 
At , "Monoclonal Antibody Technology/ in, Burden, R. f et al., eds, Laboratory Techniques hi 
Biochemistry and Molecular Biology, Volume 13. Elsevier. Publisher, Amsterdam (1984); 

Although the foregoing refers to particular preferred embodiments, it will be understood that the present 
Invention Is not so limited It will occur to those of ordinary skill in die art mat various modification* may 
be made to the disclosed embodiments end that such modifications are Intended to be within the scope of 
me present invention. 

All publications referred to herein are indicative of me level of skill of chose in the art to which the 
invention pertams. All publications are herein (as well as references cited merein)are incorporated by 
reference to the same extent as If each Individual publications were specifically and mdividdnally indicated 
to be incorporated by reference in Us entirety. 

The present invention, thus generally described, will be understood more readily by reference to the 
preceding and following examples, which are provided by way of tiluatration and are not intended to be 
limiting of the present Invention. 

With respect to making applications, methods of using, target cell-associated markers etc of muUispecific 
Uganda and blspecific antibodies see dso Methods Mot Biol 200U}66:IT7~92\ USP 6,071,517; USP 
5.697361; USP 6,096311; USP 5,922,845, Journal of Immunological Methods February 300 1 Vol. 
248(1-2) page 1-200; Mollniniunol 1999 May; 36(7):433-45; US6051227 US061 43297 
US059773I8 US05968510 US0588S796 US058B5S79 US05 869050 Methods of Mocking T-celi 
activation using anti-B7 monoclonal antibodies: US05851795 US05747034 US061I3901 US05877021 
B7-1 targeted ribozymes; US05844095 US06090914 US05718883 Transgenic animal modal for 
autoimmune diseases; US05855887 US05811097 US05770197 Methods for regulating the immune 
response using B7 binding molecules and IL4-bihding molecules; US06084067 
BP01073741A2 US06130316* US06068984 Antibodies to lymphocyte activation antigens uses 
therefor; 

US05766570 L;yim?hocyte ncm/^^ US05434131 US053 16920 

Lymphocyte activation antigen HB15, a member of the urimuTioglobulin super&mily; US061 1 1090 
Mammalian cell surface antigens; US06083751 Chimeric receptors for me generation of selectively- 
Bcttvatable TH-ir dependent cytotoxic T cells; 

US05977303 Mammalian cell surfece antigens; US0573B8S2 Methods of enhancing antigen-specific T 
cell responses US057 14667 

Brunt H, ct alDepletion of CCK5 -Expressing cells with Blspecific Antibodies and Ghemokmo Toxins; A 
New Strategy in the Treatment of Chronic Inflammatory Diseases and HIV. J Immunol. 2001 Feb 15; 
l66(4):2420-2426; Tesch H. et alTreatment of patients with malignant lymphomas with monoclonal 
antibodies. Bone Marrow Transplant 2000 May; 26 Snppi 2:S50-3; Jung O, Brandl M, Eisner W» 
Fraunbexger P, Reifenberger 0,Schtegel TJ, Wiestler OX>, Reulen HJ, Wilmanns W, Local rrnniraotherapy 
of glioma patients with a combination of 2 blspecific antibody fragments and resting autologous 
lymphocytes; Evidence for in situ t-cell activation and therapeutic efficacy. Int J Cancer. 2001 Jan 15; 
91(2):225-230; Kan KS, Anderson VA, Ceong WS, Smith AM, Worth AT, Stevenson OT. Thioetfier- 
Bonded Constructs of Far/gamma and Fcgamma Modules Utilizing Differential Reduction of Interchain 
Disulfide Bonds J Immunol 2001 Jan 15; 166(2): 1320-1326; cao Y. Suresh MR. Blspecific MAb aided 
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liposomal drag delivery. J Drug Target. 2000; 8(4):257-o*6; ScbOOTjaus R, Ct al MCTtensN. Fabchahs 

As an efficient ncterodimeriserjon scaffold for the production of recombinant bispecific and uispecific 
antibody derivatives J Immunol. 2000 Dec 15; 165(12):7050V7. ; Scnrnied] A, etal Expression of a 
bispecific dsFv-dsFV antibody fragment in escheriohia coli Protein Eng. 2D00 Oct; 1 3(1 0):725-34. 
Rohrbach F, etal Construction and characterizatioii of bispecific costlmulatory molecules containing a 
minimized CD86 (B7-2) domain and single-chain antibody fragments for tumor targeting CH« Cancer 
Res. 2000 Nov; 6(J t>:43 14-22. Schotmjana R, Efficient heterodimcrization of recombinant bi- and 
trispecific antibodies Bloseparation. 2000; 9(3): 179-83. Wallace PK, etal Production of Tnacrophaae- 
activated killer cells for targeting of glioblastoma cells with bispecific antibody to FcgammaRI and the 
epidermal growth factor receptor Cancer Immunol lmmunother. 2000 Nov; 49(9):493-503 .Bioconjug 
Chem, 2000 Nov; 1 l(6);842-54. Contain KB, ct al Camel single-domain antibodies as modular building 
units in. J Biol Cham. 2000 Oct 25 [Cancer Immunol lmmunother. 2000 Oct; 49(8):44 1-8. Taiac R, 
Nelson H. Current perspectives of bispecific antibody-based Immunotherapy J Biol Regit! Hbmeost 
Agents. 2000 Jul; 14(3): 1 75-81. Tomlinson I, Ho Niger P. Methods for generating multivalent and 
bispecific azrtthody fragments Methods EnzymoL 2000; 326:461-79 Morimoto K. Inouye K. Appbcation 
of bispecific F(abO fragments prepared from IgMs against careinoembTyomc antigen and alkaline 
phosphatase Clin Chem. 2000 Sep; 46(9); 1492-3. Cochlovius B, ct al Cure of ButkitTs lymphoma in 
Bevero combined rmrnunodBficieucy mice by T cells, tetravatent CD3 x CD 1 9 tandem dlabody, and CD28 
coadmulation. Cancer Re$. 2000 Aug 15; 60(1 6>*33 6-4 1. Tatonura Si, et al. Conatmctlon of a dlabody 
(small recombinant bispecific antibody) using a refolding system Protein Eng. 2000 Aug; 13(8):583-8. 
Katcenwadel A, et alConstructiau and in vivo evaluation of an anti-PSA x anti-CD3 bispecific antibody 
for the immunotherapy of prostate cancer. Anticancer Res. 2000 May-Jim; 20(3 A): 1 551-5. Yoihida H, 
Kntfly ose Y, Suzuki M, Matsuao S, Kudo T, tCumagai I. Functional Pv fragment of an antibody specific 
fbrCD28:Fv4ncdiated co-stimulation oft cells. FEBS Lett 2000 Jul 7; 476(3)266-7 1. 6 38: ZeidlerR, 
et The Fc-regjon of a new class of intact bispecific antibody mediates activation of accessory cells and NEC 
ceils and induces direct phagocytosis of tumour calls. Br J Cancer. 2000 Jul; 83(2)261-6. 0 39: Hillairet 
etal Enhanced targeting specificity to tumor ceils by simultaneous recognition of two antigens. 
Bioconjug Chem. 2000 Jul-Aug; 1 1(4):452-60. Wciner LM. Bispecific antibodies in cancer therapy. 
Cancer J Sci Am. 2000 May; 6 Suppl 3:S265-7l Zangemeister-Wittke U, Leech SH, Olie RA, Zuo Z> et al 
An efficient route to the production of an TgO-like bispecific antibody. Protein Eng. 2000 May; 1 3 (5):36 1 - 
7 Helfrich W, et al A rapid and versatile method for harnessing scFv antibody fragments with various 
biological effector functions. J Iramunoi Methods. 2000 Apr 3; 237(1-2): 131-45 
LuD.etal Acquired antagonistic activity of a bispecific diabedy directed against two different epitopes 
on vascular endothelial growth factor receptor 2- J Immunol Methods. 1 999 Nov 1 9; 230(1-2): 1 59-71 . 
Ohmi Y, etal Tumor-specific targeting of T helper type I CThl) cells by anti-CD3 x anri-c-ErbB-2 
bfcpecifie antibody. Cancer Immunol lmmunother. 1999 Nov; 48(8>:456-62. 

Kipriyanov SM, etal G, Schuhmaoher J, Cochlovius B, Von der Lieth CW, Marys BR, Little M. 
Bispecific tandem dlabody for tumor therapy with improved antigen binding and pharmacokinetics. J 
Mol BioL 1999 Oct !5; 293 ( I ):4 1-5$. Segal DM, Werner GJ, Wciner LM. Bispecific antibodies in cancer 
therapy. CuirOpin tenunol. 1999 Oct; ll{5):558-62 4 88: Hudson PJ. Reconrninant antibody 
constructs in cancer therapy. Curr Opin Immunol. 1999 Oct; ll(5):548-57 

Ait M, et al Novel tetravalent and bispecific igG-like antibody molecules combining single-chain 
diabodiw with the mmiunoglobuliu gwiimal Fc or CH3 region. FEBSLen. 1999 Jul 2; 454(1 -2);90-4. 
Kontermarm RE, Muller R. Intracellular and cell surface displayed single-chain diabodies. J Immunol 
Methods. 1999 Jun 24; 226(1 -2): 179-88. 

Morlmoto K, Tnouye IC. Method for the preparation of bispecific F(ab')2mu fragments from mouse 
monoclonal antibodies of the irnnmnoglobulin M class and characterisation of the fragments. J Immunol 
Methods, 1999 Apr 22; 224(l-2):43-50. 

ChaudriZN, etal Dual specificity antibodies using a double-Stranded oligonucleotide bridge. FEBS 
Lett. 1999 Apr 30; 450(1-2)03-6. : Somasundaram C, et al Development of a trispecific antibody 
conjugate mat directs two distinct tumor-asKociated antigens to CD64 on myeloid effector cells. Hum 
Antibodies. 1999; 9(l):47-54. 
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Robert B, et al Tumor targeting with newly designed biparatoplc antibodies directed against two 
different epitopes of toe carcinoembcyonic antigen (CEA). TntJ Cancer. 1999 Apr 12; 81(2)2&5-91 . 



Kreutz FT, et a! Efficient bispeciflo monoclonal antibody purification using gradient thlophllic affinity 
chromatography. J Chromatogr B Biomed Sci AppL 1998 Sep 4; 714(2):l6l-70. 



Muller KM et al A dimeric bispecific mlniantibody combines two specificities with avidiiy. FEBS 
Lett 1 998 Jul 3 1 ; 432(1 -2):45-9. Krauts FT, et al A new method to generate quadrornas by electrofbsion 
and FACS sorting. Hybridoma. 1 99S Jun; 1 7(3):267-73. 



Production of bispecific and trispcetfic F(ab)2 and F(ab)3 antibody derivatives. Methods Mol Biol. 1 99Bz 
80:121-34. Merchant AM, et Protein. Nucleotide An efficient route to human bispecific IgG. Mat 
Biotechnol. 1998 Jul; 16(7);6T7-81. 

ZhuZ, etal High level secretion of a humanized bispecific dinbody from Escherichia colL 
Biotechnology (NY). 199$ Feb; J 4(2): 192-6". Rapid assay of phagc-derived recombinant human febs as 
bispecific antibodies. Biotechnology (Nf Y). 1995 Nov; 13(1 1): 1221-4. McGuinness BT. et Phage 
diabody repertoires for selection of large numbers of bispecific antibody fragments. Nat Biotechnol. 
1996 Sep; 14(9): 1 1 49-J4HetfKch W, et al Construction and characterization of & bispecific dinbody for 
retargeting T cells to human carcinomas, lnt J Cancer. 1998 Apr 13; 76(2):232-9. Mttl I fir KM, et al Trie 
first constant domain CH I and CL of an antibody used as heterodimerization domain for bispeoiflo 
mmiantibodies. FEBS Lett 1998 Jan 30; 422(2)259-64. 223: FitasGerald K, et al Improved tumour 
targeting by disulphide stabilized diabodtes expressed in Plchia pastoris. Protein Eng. 1 997 Oct; 
10(10): 1221-5. 



Coloma MI, Morrison SL. Design and production of novel tctravalent bispecific antibodies. Nat 
BiotechnoL 1997 Feb; 15(2): 159-63. Hoogenboam HR. Mix and match: building manifold binding sftes. 
Nat Biotechnol. 1997 Feb; 15(2):125-6. 

Ridgway JB, et al 'Knobs-into-holes' engineering of antibody CH3 domains for heavy chain 
heterodimerization- Protein Eng. 1996 Jul; 9(7):6 17-21. 

Reinartz H W, et al Bispecific multivalent antibody studied by real-time interaction analysis for die 
development of an antigen-Inhibition enzyme-linked immunosorbent assay. Analyst. 1996 Jun; 
121(6):767*71. Tibben JG, et al Pharmacokinetics, biodistribution and biological effects of 
Intravenously administered bispecific monoclonal antibody OC/TR F(ab*)2 in ovarian carcinoma patients. 
Int J Cancer. 1996 May 1 6; 66(4):477-83. 

de Kraif J, togtenberg T. Leucine zipper dimerized bivalent and bispecific scFv antibodies from a semi- 
synthetic antibody phage display library. JBiolGhem, 1996 Mar29;271(13):7630-4. 

Ruf J, et al The molecular recognition theory applied to bispecific antibodies... Nat Med. 1 995 Dec: 
1(12): 1222. 

447: Grant SD ? et al Expression of monovalent and bivalent antibody fragments in Escherichia coli. J 
Hematother. 1995 Oct; 4(5):383-8. 

Dubel S, et al Protein, Nucleotide Binuctlonal and multhnerie complexes of strepteYidm fused to single 
chain antibodies (scFv). J Immunol Methods. 1905 Jan 27; l7«(2):20l-9. 



Kostemy SA, etal Protein, Nucleotide Formation of a bispecific antibody by the use of leucine zippers, 
J Immunol 1992 Mar 1; J 48(5): 1547-53 Pack P, Ptacktmin A. Mmlanrtbodiea: use of amphlpaihic he* lice* 
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to produce functional flexibly linked dlmeilc FV fragments with high avidity in Escherichia coli. 
Biochemistry. 1992 Feb IB; 31(6)U579-84 Smith W. et allmmuaoglobulins secreted by a hybrid- 
hybridoma; analysis of chain assemblies. Hybridoma. 1992 Feb; il(l):87-98. 



Suresh MR^et al BispecUle monoclonal antibodies from hybrid hybridoznas, Methods Enzymol. 1 986; 
121:210«2B. PauIusH. Preparation and biomedical applications of bispeoifio antibodies. Bohring Tnst 
Mitt 1985 Dec; (78): 1 1 8-32. Brennan M» et aJ Preparation of bispecific antibodies by chemical 
recombination of monoclonal immunoglobulin 01 fragments. Science. 1985 Jul 5; 229(4708):61-3. 



With respect to anti-CCRS antibodies used to kill CCR5-expressinfi cells, with lor example* bi-speoifio 
antibody chemokine fusions see Bruhl H. et at J Immunol. 2001 Feb 15 166(4): 2420-2426. 

With respect to targeting HCAP proteins see for.example US 6*172195. 

With respect to pertinent diseased cells, disease causing cells and other suitable targets for fanmunotoxlns, 
as well as optional toxins and methods of making and using imawnotoxms and related technologies see for 
example US0S980895 Immunotoxm containing a disulfide-stabilized antibody fragment joined to a 
Pseudomonas exotoxin that does not require proteolytic activation; 11805686072 Epitope-specific 
monoclonal antibodies and immunotoxms end uses thereof, US049S6453 Antihuman ovarian cancer 
immunotoxins and methods of thereof US06 14663 1 Tmmunotoxins comprising xibosome-mactivatxng 
proteins; US057S6699 InunuuOtoxiiu comprising rib oso mo-inactivating Proteins; USO5744580 
Trnmunotoxios comprising rib os orae- inactivating Proteins; US06 J 46850 Proteins enco ding gelonin 
sequences! US05837491 Polynucleotides encoding gelonin sequences; US05578706 Methods and 
compositions concerning homogenous immunotoran preparations; US05 185434 Prolonged-action 
immunotoxins containing a grycopeptide constituent which inactivates ribosomes, modified on its 
polysaccharide units; US0495 8009 Anti-human ovarian cancer immunotoxins and methods of use 
thereof; US05980896 Antibodies reactive with human carcinomas; OS06074644 Nucleic acids 
encoding immunotoxins containing a dlsulflde-stabflized antibody fragment replacing half or more of 
domain IB of pseudomonaa exotoxin, and methods of use of the encoded immunotoxins; 

US0498 1953 Immunotoxins, process tor their preparation and pharmaceutical compositions In which 
they are present; US04980457 Cytotoxic conjugates which can be used in therapy and process or their 
preparation; TJ504545985 Pseudomonas exotoxin conjugate immunotoxins; US06Q20145 Methods for 
determining the presence of c ai cin oma using the antigen binding region of monoclonal antibody BR96; 
US05792458 Mutant diphtheria toxin conjugates; US05338542 



US0605 1230 Compositions for targeting the vasculature of solid tumors; B3 antibody fusion proteins 
and their uses; US05990275 Linker and linked fusion polypeptides; US05981726 Chimeric and 
mutationally stabilized tumor-specific Bl, B3 and B5 antibody fragments; irnmuno toxic fusion proteins; 
and uses thereof; US05965 132 Methods and compositions tor targeting the vasculature of solid rumors; 
US05889 1 57 Humanized B3 antibody fragments, fusion proteins, and uses thereof US06027725 
Multivalent antigen-binding proteins; 

EP00861091A1 IMMUNOTOXIN CONTAINING A DISULFIDB-STABUJZED ANTIBODY 
FRAOMBNTUS05776427 Methods for targeting the vasculature of solid tumors; US05772997 
Monoclonal antibodies directed to the HER2 receptorUS05665357 Antibodies recognizing tumor 
associated antigen CA55.1; US05660827 



Friedrich K, eta] A two-step selection approach for the identification of Ugand-binding determinants in 
cytokine receptors JVnai Biocbem. 1999 Mar 15; 268(2): 179-86. 
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Krebs B» et alRccombinajit human single chain Fv antibodies recognizing liumanintertcukm-6. Specific 
targeting of cytoWne-secrating cells. J Biol Chenu 1998 Jan 30; 273 (5):285 8-65 Wilbur DS,et 
alRelaiedArdcles Biotin reagents for antibody pmargetmg. 2. Synthesis and in vitroevaluntion of biotin 
dimers and trbners tor cross-linking ofetreptovidin. Bioconjug Chem. 1 997 Kov-Dec; $(6>8 J 9-32. 

Ring DB, et alAntigen forks: biapedfic reagents that inhibit cell growth by oindingselected pairs of tumor 
antigens. Cancer Immunol Immunather. 1994 Jul; 39(l):41-8. 

WO09942597A1 MONOVALENT, MULTIVALENT, AND MULTIMERIC MHGBJND1NG DOMAIN 
FUSION PROTEINS AND CONJUGATES, AND USES THEREFOR; EP00935607A2 SOLUBLE 
MONOVALENT AND MULTIVALENT MHC CLASSH FUSION PROTEINS, AND USES 
THEREFOR; 

WO0981 1914A1 TARGETING ANTIGENS TO THE MHC CLASS IPROCESSING PATHWAY WITH 
ANTHRAX TOXIN FUSION PROTEINWO09728191 Al MHC COMPLEXES AND USES THEREOF: 
US05580756 B7IG fusion protein; US0614329B Soluble truncated forms of ICAM-U 

US053S2 1 75 P-selectin glycoprotein ligand blocking antibodiesUS058008 15 Antibodies to P-selectin and 
their uses; 

US06037454 BEnmanfaed anti-CD 1 la antibodies; US060201 52 Lymphocyte-associated cell surface 
proteinUS05307734 Monoclonal antibodies andFV specific for CD2arttig«?nUSQ 5622701 Cross-reacting 
monoclonal antibodies specificfor E- and P-selectln 

US05622700 Method for treating a UFA- 1 -mediated disorder; JP06209788A2 IMMUNOASSAY OP 
HUMAN SOLUBLE ICAM-1, ANTIBODY AND KIT FOR MEASUREMENT THEREOF; 
JP03072430A2 ANTIVIRAL AGENT BY USING FUNCTIONAL-DERIVATIVE OF INTERCELLULAR 
ADHESIVE MOLECULE; JP01 1 35724A2 TREATMENT FOR NONSPECIFIC INFLAMMATION; 
US06123915 Methods for using agents that hind to VCAM-1; WO09929706A2 Dl&AUCYLATE 
ANALOG BASED SIALYL LEWISxMIMETICS; WO09918442A1 DIAGNOSIS OF THROMBOTIC 
EVENTS BY DETECTTNGP-SELECTIN; US05877295 Antibodies which bind a subpopulation of Mac- 
1(CD1 Ih/CDl 8) molecules which mediate neutrophil adhesion to ICAM-1 and fibrinogen; US0586946 , O 
Sulfated and phosphated saccharide derIvarives t process for the preparation of the same and use thereof; 
US05858994 Carbohydrate conjugates as inhibitors of celladnesion; USQ58H405 Multiply tucosylated 
dicarbosyiic amdsposaessmg antiadhesive properties; US05654282 Selectin binding glycopeptides; 
US05632991 Antibodies specific for E-selectin and the usesthereof; US05599676 Method for Isolating a 
novel receptor fbr.alpha_4 integrins; US03580862 Sulfate Uganda for L-selectfos and methods 
o^reveming situate addition; US0SSOS3 87 Solectih binding grycopeptides; US06*1 77547 Antibodies to 
P-selectin glycoprotein ligaadUS05827670 Methods of Isolating and detecting bone marrow stromal cells 
with VCAM-l-speciflc antibodies; US0S756095 Antibodies with specificity for a common epitope on E- 
selcctin and L-selectin; US05565550 Antibodies to TCAM-2, and fragments thereof 



US06099838 Pharmaceutical compositions comprising anti-CD45RB antibodies for the inhibition of T- 
cell mediated immune responses; 



US05595737 Methods for using monoclonal antibodies speoiflc for cetl-surfece bound LAM-1; 
US05324310, 

US06 1 83988 Lftukocytc-spcciflc protein and gone, andmethods of use thereof; 



US0599859B 
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US05997865 Agonist antibodies against the flk2/flt3 receptor and uses thereof; USQ59938 16 Methods to 
inhibit humoral immune responses, immunoglobulin production and B cell activation with 5c8-speoifie 
antibodies; 

US05869453 Cytotoxic T-cell epitopes; US0586M51 Soluble fusion molecules with binding specificity 
for ceU adhesion molecules; US05843441 Use of endomelial-leukoeyte adhesion molecule-l specific 
antibodies in the treatment of asthmaUS0582 1332 Receptor on the surface of activated CD4+ T-celU: 
ACM; EP00868 197A1 ANTT-SELECTIN ANTIBODIES FOR PREVENTION OFMULTTPLB ORGAN 
FAILURE AND ACUTE ORGAN DAMAGE; US05&1751S Human B2 integrin alpha subunit antibodies; 
EP00528931B1 HUMANIZED CHIMERIC ANTWCAM-1 ANTIBODIES, METHODS OF 
PREPARATION AND USB; US05776775 Anfct-LAM 1 -3 antibody and hvbrldoma; 



US06063906 Antibodies to Integrin alpha subunit; US05997865 Agonist antibodies against the Hk2/flt3 
receptor and uses thereof; US05993 8 1 6" Methods to inhibit immoral immune response*, immunoglobulin 
production and B cell activation with Sctapedfic antmodiesUS0595 1982 Methods to suppress an immune 
response with variant CD44-specit1c amibodiesUSOS 843441 Use of endothclial-leukocyte adhesion 
molecule- 1 specific antibodies in the treatment of asthma US03821332 Receptor on the surface of 
activated CD4+T«cells:ACT^; USQ5321 133 Modified antibody variable domains; EP00868197A1 
ANT1-SSLECTIN ANTIBODIES FOR PREVENTION OF MULTIPLE ORGAN FAILURE AND 
ACUTE OROAN DAMAGE; US0581 75 15 Human B2 Integrin alpha subunli antibodies; EP00528931B1 
HUMANIZED CHIMERIC ANTMCAM-1 ANTIBODIES, METHODS OF PREPARATION AND USE; 
US 05776775 Anti-LAM 1-3 antibody and nybridoma; US05776755 FLT4 k a receptor tyrosine kinase, 
US05730978 Inhibition of lymphocyte adherence with arpha.4ࢷ -specific antibodies; 

Examples of tumor specific andgans are numerous and are referred to in the hereinabove cited references 
andas well as the in the following reference3U8061329BO 10/1 7/2000 Antibodies specific for TRP-2 a 
human tumor antigen recognized by cytotoxic T rymphocytes 



US06165464Monoclonal antibodies directed to the HER2 receptor 



US0582431 1 Treatment of tumors with monoclonal tmtibodlesagalnst oncogene antigens. 



US06 1400501 0/3 1/2000 Methods for cetermmtng breast cancer and melanoma by assaying for a plurality 
of antigens associated herewith; USQ605 1226 MN-specific antibodies and their use In cancer treatment; 
U$06020145Methoos tor determining the presence ofoarcmoma using the antigen binding region of 
monoclonal antibody HR96.; US05980896 Antibodies reactive with human 
carcinoroasUS05955075Method of inhibiting tumor growth using antibodies to MN protein 
uS059i7l24Transgenicmouse model of prostate cancer; US059 1 438906/22/1999 B6 associated 
proteiuUS039l214306/lS/1999 Polynucleotides encoding a human mage 
pratainhomologUS0591062606708/1999 Acetyl-CoA carboxylase compositions and merhodsof 
useUS0587456002/23/1999 Melanoma antigens and their use in diagnostic and therapeutic 
methodsUS0587221702/167l999 Antibodies which specifically bud a canterrelatad 
amtgenUS0586963602/09/l999 immuoorcactivc peptide sequence from a 43 kDhuman cancer 
antigenUSO386904S02/09/1999 Antibody conjugates reaotive with human carcinomas 

US05866 12402/02/1999 Antiidiotypic antibodies for high molocularweighVmclanoma associated by 
sameUS0584708312/08/1998 Modified p53 US0584407S Melanoma antigens and their use in 
diagnosticand therapeutic methods US05843685 12/01 A998 Production of chimeric mouse-human 
antibodies with specificity to human tumor antigonsUS05843648 PI 5 and tyrosinase melanoma antigens 
and their use in diagnostic and therapeutic methods US05 840 854 US0583 04701 1/03/1998 Humanized 
antibodies to gpngiioslde GM2US058304641 1/03/1998 US05808005Human carcinoma Bispecific 
molecules recognizing lymphocyte antigen CD2 and tumor anttgeasUS05792456 Mutant BR96 antibodies 
reactive with humancarcmoma* US057B368US05773579 Lung cancer marker US05772997 Monoclonal 
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antibodies directed to the HER2 receptor US05770374; US05705157 Methods of treating cancerous cells 
with anil-receptor antibodies US05695994 12/0?/) 997 Isolated cytolytic T cells specific fttrcompiexes of 
MACE related peptides nod HLA moleindc3US05d93763 12*02/1997 Antibodies to human carcinoma 
antigen 

Tumor rejection antigens which correspond toamlno acid sequences in tumor rejection antigen precursor 
bage, and uses thereof US056S 1701 Immortalized human fetal osteoblastic ceJIsUS0568lS6210/28/1997 
US05677171 10/14/1997 Monoclonal antibodies directed to the 

HER2rtt3er*mW036"74486]0/07fl Antibodies recognizing tumor associated 

antigen CA 55.1 

Fonsatti E»etal Emerging role of pxoioctm (CD59) in humoral immunotherapy of solid malignancies. Ciln 
Ter. 2000 May- Jim; 15 1(3): 1 87-93 Knufh A, et alCancer immunotherapy In clinical oncology. Cancer 
Chemother Pharmacol. 2000; 46 Suppl:S46-51 : Slavers EL.Targeted therapy of acute myeloid leukemia 
with monoclonal antibodies andlmrminoeonjugstei. Cancer Chemother Pharmacol. 2000; 46 SuppJ:Sl 8-22 

.172 van Spriel AB,et allromunOtherapeutic perspective &r bispecific antibodtesJmmunol Today. 2000 
Aug; 2 1 (9:391-7 273: Green MC, et alMonocmnal antibody therapy tor solid tumors. Cancer Treat Rev. 
2000 Aug; 26<4):269-86 



Xlang J Targeting cytokines to tumors to induce active antitumor immune responses by recombinant 
fusion proteins. Hum Antibodies. 1999; 9(1)23 -EngjbeiB J. et alRecoxnbinanl antibodies with the antigen- 
specific, MHC restricted specificity of T cells: novel reagents for basic and clinical investigations and 
immunotherapy. Immunotechnology. 1999 Mar, 4(3-4)^273-8. O'Brien TJ, Tet oIMorethan 15 years of CA 
125: what is known about the antigen. Its structure audits runction.Int J Biol Markers. 1998 Get-Dec; 
13(4);188-95. 



Sharifi J, et allmproving monoclonal antibody pharmacoldnetics via chemical modification.Q J Kucl Med. 
1998 Dee; 42(4): 242-9. 

Ugand* on immune or other cells which may be targeted with bispecific ligands in which one llgand of 
the pair dictates specificity for a population of cells or particular sub-population of those cells and a second 
ligand with reduced functional affinity Is used to effect a specific immune function Include those referenced 
in the following patents and publication* therein referenced: US06132992 Expression vectors encoding 
bispecific fhsionproteins and methods of producing biological ry active bispecific fusion proteins in a 
mammalian cell; Antibody hEteroconjugates and bispecificantibodies for use in regulation of lymphoovte 
activity; 

WOO9942077 

COMPOSITIONS AND METHODS FOR REGUIATINGLYMPHOCYTB ACTIVATION; 
US059 165600 Methods fbr Inhlblilng an immune response byblockingthe GP39/CD40 and 
CIXA4/CD23/B7 pathways and compoaidonsftr use therewith; US05876718 Methods of inducing T coll 
non-responsiveness to transplanted tissues and of treating gcaft-versus-host-disease with ami-gp39 
antibodIesEP0044S228BIMMUNOTUERAPY INVOLVING CD2? STIMULATION; 

CJS05709859 Mixed specificity fusion proteins; US05637481 Expression vectors encoding bispecific 
fusion proteins and methods of producing biologically active bispecific fusion proteins m a mammalian 
cell: WO09720048 MODIFIED SFV MOLECULES WHICH MEDIATE ADHESIONBETWEEN CELLS 
AND USES THEREOF; 

EP0O33 6379 Antibody heteroconjugatcs fbr use in regulation of lymphocyte activity; 

; BF00537293 LIGAND FOR CD28 RECEPTOR ON B CELLS ANDMETHODS; US05 182368 Ligands 
and methods fbr augmenting B-cell proli&rarton; WO09300431 CTL4A RECEPTOR, FUSION 
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PROTEINS CONTAINING JTAND USES THEREOF; EP00445228 IMMUNOTHERAPY INVOLVING 
CD28 STIMULATION; 



Rolo of cellular adhesion molecules in HTV type 1 infection and their impact onvirus neutralization. 
AIDS Res Hum Retroviruses. 1998 Oct; 14 Suppl 3:S247-54 Cavenagb JD,et alAdhesion molecules in 
clinical medicine, Crit Rev Clfn Lab Set 1998 Sep; 35(5)i415-59 Viney JL, Fong S. Beta 7 inteflrfns and 
their llgands in lymphocyte migration to the gut. Cham Immunol. 1 998; 7 1 :$4-76" ApllnAE, et alSigdal 
transduction and signal modulation by cell adhesion receptors: the roleof integrals, eadherins. 
immunoflobulln-celi adhesion molecules, and selectlns. Pharmacol Rev. 1998 Jun; 50(?):197-263 



With respect to ascertaining important amino acid residues for receptor activation or binding see alio Zang, 
Q-> Springer, T. A_ (2001). Amino Acid Residues in the PSI Domain and CysteJne-rich Repeats of die 
Integrtibw^ 2 Subunit That Restrain Activation of the Integrm alpha xbetazy. BioL Cham. 276: 6922- 
6929; Binding site on the murine IFN-gamrna receptor for 1FN -gamma has been idcntiflBd using the 
syntne"tic peptide approacb,The Journal of Immunology, Vol lSl.Issuell 6206-6213; The Journal of 
Immunology, Vol 143, Issue 1 1 3568r3579 The main immunogenic region of the nicotinic acetylcholine 
receptor. Identification of amino acid residues mteractmg with different antibodies, M Bellone et aL* 
Arend, W. P», Maiyak, M, Guthrldge, C. J., Gabay, C. (1998). INTERLEUKIN-1 RECEPTOR 
ANTAGONIST: Role in Biology. Anmi. Rev. Immunol 16: 27-55; The Journal of Immunoiogy. Vol 155, 
Issue 1 0 471 9-4725, Mapping of receptor binding sites on 1L-1 beta by reconstruction of DL- I ra-like 
domains; The Journal of Immunology, 2QQD, 165: 6966-6974 Identification of Fetal LiveT Tyrosine Kinase 
3 (FJt3) Ligand Domain Required for Receptor Binding and Function Using Naturally Occurring Ligand 
Isoforma Walthakn Mwangr\ Wendy C Brown and Guy H. Palmer. 

The invention also contemplates nraltiftractionai iigandi comprising various combinations and 
permutations of such Uganda including pairs and three different snob Jigands including rnulti&nctional 
ligands including such combinations and a ilgand which binding to a lymphatic vessel associated 
ligand. Additional pertinent references pertaining to formation of antibody doners, micro sxrays of (And 
tissue mJcroarrays) proteins including hetero functional proteins and recombinant, ligands having 
application to the invention, and phage orribosome display strategies having relevance herein include Zhu 
H. et al. Protein arrays and microarrays.Curr Opin Chem Biol. 2001 Feb; 5(l):40-5, references hi IBCs 
conference on Protein Micro array Technology March 19*21 Santiago California; WO 99/06834 WO 
99/19506; WO 97/02342, WO 00/S3701; WO 99/40434 ; US 6,127,127; US6146&30, WO 00/075298, 
US6165709 US0620402303/20/2001 Modular assembly of antibody genes, antibodies prepared thereby and 
use; US0584681 8 12/08/1998 Pectate lyase signal sequence; U50569843512/1671997 Modular assembly of 
antibody genes, antibodies prepared thereby and use; US0S69841 7 12/16/1997 Modular assembly of 
antIboo> genes, antibodies prepared thereby and use; US05693493 12/02/1 997 Modular assembly of 
antibody genes, antibodies prepared thereby and use; US055 1454805/07/1 996 Method form vivo selection 
ofUgar^4unmngprotems; US0564823707/15/1997 Expression of functional aritibody tomcats; 
US0618O34 In vitro scanning saturation mutagens*!* of proteins; US06027933 Sur&cC expression libraries 
of heteromerie receptors; US0591057306708/1999 Monomelic and dimeric antibody-fragment fusion 
proteins; OS0615O583UTrtiwgcmcaniir^ US06132992 
Expression vectors encoding bispecitlc fusion proteins and methods of producing biologically active 
bispeciflc fusion proteins in a mflmmnltan cell; US06 1 27524Binding molecules and computer-based 
methods of increasing the bmding affinity mereo£; US0607151 5 Dimer and multiroer forms of single chain 
polypeptides; US06054297 Humanized antibodies and methods for makmgthem; WO00004382 ARRAYS 
OF PROTEINS AND METHODS OF USE THEREOF; US06008023 Cytoplasmic expression of 
antibodies, antibody fragments and antibody fragment fusion proteins in E. coii; Phagemid for antibody 
screening; US059808951 1/09/1999 fcnnimotoxin containing a dlsulflde-stftbilhcd antibody fragment 
joined to a Pseudomonas exotoxin mat docs not require proteolytic activation; US05962255 Methods for 
producing recombinant vectors; US0595534 1 Hcterodixneric receptor libraries using phagemids: 
WO09939210A I HIGH DENSITY ARRAYS FOR PROTEOMB ANALYSIS AMD METHODS AND 
COMPOSITIONS THEREFOR; WO09931267 METHODS FOR THE SIMULTANEOUS 
TDENTTF7CATIONOF NOVEL BIOLOGICAL TARGETS AND LEAD STRUCTURES FOR 
DRUGDBVELOPMENT; US0586961 9 Modified antibody variable domains; US0S8558K feolatjon and 
production of catalytic antibodies using phage technology; US05851801 12/22/1998 Method of preparing 
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polypeptide binding compositions derived from Immunoglobulin variable region*; US058495OO Phagemid 
for antibody scTeetungftfodmg eompotftion; US058378461 1/17/1998 Btosynthetlc blading proieinsfor 
immune-targeting; US0582 133710/13/1998 immunoglobulin variants; US03821 123 Modified antibody 
variable domains; US0578965508/04/1998 Transgenic animals expressing aTtificialepitope-tagged 
proteins; US0S783384 Selection of binding-molecules; US05780225 Metbod for generating liberies of 
antibodygenes comprising amplification of diverse antibody DNAs and meoSedafor wing the je libraries for 
the production of diverse antigen combining molecule*; US057703S6 Phagemlds coe^rusln^ a surfcce 
receptor and a surface heterologous protein: WO09808603 ISOLATION OF 1MMUN0GUJ&XJLINS; 
US05716805 Methods of preparing soluble, oligomeric proteins; US05S95898 Modular assembly of 
antibody genes, antibodiosprepared thereby and use; US05582996 fiiruncdonal antibodies and method of 
preparing same; US05580717Recombinant library screening methods; Haab BB, Dunham MJ» Brown PO 
J*rotein micro arrays for highly parallel detection and quantitation of specific proteins and antibodies in 
complex soIutions.Genome BloL 2001; 2(2):: Moch H, Kononen T, Kallionlerni OP, Sauter G . Tissue 
micro an ayi 

Bombaeck CA-Antfaodics in diagnostics - from immunoassays to protein chips .Immunol Today 2000 
Aug;21(8):379-82 



Mcndoza LC, « alHlgh-throughpur mlcroarray-based enzyme-linked immunosorbent assay (ELISA) 
Biotedmiques. 1999 Oct; 27(4):778-80, 782-6, 788. MorozovVN, MorozovaTYa Eleraospray deposition 
as b method for mass fabrication of mono- aiidmulticomponent imcrpajTayj? of biological and biologically 
active substances AneiChem. 1999 Aug I; 71(1 5):3 1 10-7.619: Lucking A « alFroiein microarrays for 
gene expression and antibody screening. Anal Biochem. 1999 May 15; 270(1):103-1L Silzel JW, et 
alMass-sensing, moltianalyte microarray immunoassay with imaging detection. Clin Chem. 1998 Sep; 
44(9)^036-43 Bkins RP.Ligand assays: ftom electrophoresis to uumaturized jmcroarray3.CHrt. CheraJ 1998 

All publications referred to herein are indicative of the level of skill of those in the art to which, the 
Invention pertains. 

With respect to lymphatic vessel associated Uganda see also US 5, 7767755 (fh4\ Mod Pathol ZO00 
Feb;i3C2):180-5;EMBO J2001 Mar 1 5-20(6): 1223-1231, Nat Med 2001 Feb;7(2): 199-205 Inhibition of 
r/mphartgiogenesis with resulting lymphedema in transgenic mice expressing soluble VEGF rccemtor-3 
(VEGFR-3), J Pamol 2001 Feb; I93<?): 147-54 I^wlizadofl of vascular CrZuielial growth fector-D in 
rmujgnant melanoma suggests a role in rumour angiogenesis. 

With respect to technologies having application herein see also Immunity 2001 Apr; |4{4):437-4€ The 
unmuuologlcal barrier to xenotransplantarion,Cascalho M. Piatt JL.; WO 01/43779: WO 01/42285; WO 
98710795; WO 01/40803; WO 00/14212; Gastroenterology 2001 May; 120(6): 1330-8 An engineered human 
antibody to TNF (CDP571) for active Crohn's disease: a randomized double-blind placebo-controlled trial 
Sandborn WJj WO 01/44282; WO 01/40309; WO 01/40274; WO 01/44300; AnnKhfium Dla 2001 
May;60(5):433 Cancer and autoinauunity: autoimmune and rheumatic features in patients with 
malignancies, Abu-Shakra M, et at.; WO 01/40468; WO 01/40307; WO 01 A42297; WO 01/422M* WO 
01/42296; WO 01/40456; WO 01/40308; WO 01/42306; Curr Opto Immunol 2001 Apr; 13(2): 13 4-40 
Immunity against cancer lessons learned from melanoma. Houghton AN, Gold JS. Blaehere NE. ; WO 
01/42288; WO 01/42288; WO 01/43771; WO 01/42308; WO 01/4 1804; WO 01/39722; WO 0 1/44808- 
WO 01/43770; WO 01/i6166; WO Ot/41803; WO 01/131 10; WO 00/32752; WO 98733528: WO 
01/43695; J Am Pharm Assoc (Wash) 2001 May-Jun;4l(3):3S3-91 Magic bullets finally find their mark.; 
Leukemia2001 Apr;lS(4):675-6; WO 01/44301; Anticancer Res 2001 Jan-Feb;2l(IB):62l-7 
Immunotherapy for recurrent colorectal cancers with human monoclonal antibody SK-1 Koda I«C et aJ • 
WO 01/1091 1; WO 01/42506; Lit J Clin Itact 200 1 Apx;55(3);2I 1-6 Tumour necrosis factor ass a. ' 
therapeutic target in rheumatoid arthritis and other chronic inflammatory diseases: the clinical experience 
with infliximab; WO 01 M4472; WO 01/40302; WO 01/40305) * 

With respect to surface plasmon resonance measurements of affinity see US611 1652iHIgh throus>bput 
surface plasmon resonance analysis system US06208422 Surface plasmon sensor EP01 080365 SURFACE 
PLASMON RESONANCE SENSOR FOR THE SIMULTANEOUS MEASUREMENT OF A 
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PLURALITY OF SAMPLES £N FLUID FORM WO001 06236A HIGH THROUGHPUT ANALYSIS OF 
MOLECULAR INTERACTION USING SURFACE PLASMQN RESONANCE Wgh throughput s^ace 
plasmon resonance analysis system as well as Dimensions of antigen recognition andlevels of 
mimtinological specificity. Adv Cancer Res. 2001;80:147-87. Use of optical biosensors for die study of 
mechanistically concerted surface adsorption processes. Anal Biochem. 2001 Jan 15288C2): 109^25 
^ p< ^S!2?!?J^ !Bn f ? """^ of complex kinetics using surface plasmon resonance, Methods. 2000 
Mor20(3):3 10-8. , and references cited in die foregoing references. 

27: Skeie GO, Lunde PK, Sejeisttd OM. Mygland A, Aarli JA, GUhus NE. Autotomrunity aeainst the 
ryanodine receptor in myasthenia gravis. Acta Physiol Scand. 2001 MarJ7I(3):3^84. 28itorfB MO 
Haneko B. Epidermolysis bullosa acquisim treated with basIUximab, an mterieuldn-2 receptor antibody 
Acta Perm VenereoL 2001 Jan-Feb;81(l):72. Woo BY, et al Regulatory CD4(+)CD25(+) T eelJs in tumors 
from patients with enr1y«stage non-small cell lung cancer and late-stage ovarian cancer. Cancer Res. 2001 
Jim 15;6l(l2):4766-72. Batrer* P, Joosten LA, den Breeder AA, vanDc Putte LB, van Rial PL, van Den 
Berg WB. Effects of treatment with a fully human anti-tumour necrosis fcctor alpha monoclonal antibody 
on the looal and systemic homeostasis of interleuldn 1 and TNFalpha in patients wftb rheumatoid arthritis. 
Ann Rheum Dls. 2001 Jul;60(7):660-9. Nicholson JK, Browning SW, HengeJ RL,LewE, Callafthw LE 
Rmilwid A McDougal JS. CCR5 and CXCR4 expression on memory and naive T cells in HIV^lMbction 
and response to highly active antiretroYfral therapy. J Acquir Immune Defic Syndr. 200 1 Jun 1'27P)I05- 
15* Kung SK, Su RC, Shannon J, Miller RG. Oiaracterization of four new monoclonal antibodies tot 

mouae namral acrivHrion receptors. Hybridama. 2001 Apr,20(2):9MOl. 43:BankI. 
Dardflc RjJ Levy V. Goldstein I Shoham J. DtfWfctl expression and regulation of CD6 on T-cell subsets 
revealed by monoclonal antibody (MAb) CHI 1. Hyhridoma. 2001 Apn20(2):75-84. 

With respect to making multifunctional Uganda see also USP 5,73 1 , 1 68 and 5,82 1,333. 



VWi respect to TNF and TNFR variants, and functional fragments thereof, for use as antibody targets and 
r^T^™* 165 wim wpect to various aspects of the invention herein see WO 00/67793, WO 01/30300 
WO 01/49321, WOOO/62790, WO 01/03720, WO 00/60079, WO 97/46686, WQ 01/41803V W) Xfctf 
WO 01/37874, WO 01/12812, WO 01/12*71. WO 01/05834 WO 01/03720 WO 0077191 WO (Wmf 1 

references cited merem, Many other TNFR variants and TOP analogs ere known in the arc 

With respect to cytokines and cytokine receptors sec also the latest editions of Cytokine Reference: A 
C^znpcndiwn of Cytokines and Other Mediators ofHbstDcfbnseby Joost J. Oppenhehn (Editor), Jan 
Y fl »^Nwos A. Nicok (Editor); Cytokine Molecular Biology : A Practical Approach by Frances R. 
fSSTs £ ~ X f&S**® Cybook to Cytokmw and Their Receptors by NicosNicola 

? 15* Network and Immune Functions by Jacques Theze; Novel Cytokine Inhibitors by 

Gerry A. Hlggs (Editor), Brian Henderson (Editor); Homology Folding of Proteins : Application to 
Cytokine Engmeering by Subhashini Srintvasan; Cytoldnea and Cytokine Receptors (2001); International 
Review of Experimental Pathology : Cytokine-Induced Pathology, Part B : mfWatary CmET 
Receptors, end Disease by G.W. Richter, Kim Soto (Editor). ^raones, 

With respect to antibodies that bind to CCR5 aee Mol Biol CeD 2002 Feb; 13(2) : 723-737. 

With respect to variations in chemoldne receptors, cytokine end other receptors that can be exploited 
accordlngto one or more aspects of Ac invention herein see I: CsaszarA. Abel TJU^rpoIymmphisms 
and du^^JPhJumacoL 2001 Feb 23;4l4(l):9-22. 2: G&ejova A.Chemeldi^^ 
Palacki Olomuc Fac Med. 2000;143:9-18. 3: NIshimoto N, Kishhnoto T, Yoshizaki ICAntl-InterleuJcm 6 
receptor antibody treatment in rheumatic diseases™ Rheum Dis. 2000 Nov;59 Suppi 1:121-7. 4: Agftarwal 
BB.Tinnow necrosis fectors receptor associated signalling molecules and their rolem activation of 
apoptasM. JNK and NF-kappaBA.no Rheum Dis, 2000 Nov;39 Suppi 1 i6-l6. 5: Qrlgnanl G, Maiolo 
A.Cyioldnes and hemostasis-Haematologica, 2000 Sep;85(9):967-72. 6: Idriss HT,Nafomith JH.TNF alpha 
T VS? ^ F receptor stmcture-fimction rehrtion5hip(s).Mlcrosc Res Tech. 2000 Aug 

l;50C3):184-95. 7: van Deventer SJ.Cytokme and cytokine receptor polymorphisms in tofeetious 
ihsOTeJutensive Care Med. 200026 Suppi 1:S98-102. 8: Oessner A, Rollinfihoff MAlologte fimcrions and 
si^Ming of the mterleukm-4 receptor complexes.lmmnnobiofogy. 2000 Jan-,201(3-4):28S-307. 9: Platanias 
LC, Fish EN.Signalmg pathways activated by interrerons.Bxp HematoL 1999 Nov£7(l l):1583-92. 10: 
Schwertschlag US, Treplcchlo WL> Dykstro KM, Keith JC, Turner KJ, Domer AJJTeniatopoietic, 
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Immunomodulatory and epithelial effects of mterieukm-l LLeuVemia. 1999 Sep;1 3(9): 1307-15. 1 J: Blauff 
F.The urokinase receptor. A cell surface, icfolatcd chemoklncAPMIS. 1999 Jan;l07<l):96-101. 12: 
Izuhwa K, Shirakawa T^ignal transduction via the rnterloutin-4 receptor ana its correlation with atopy, rm 
J Mol Med. 1999 Jan;3(l):3-10. 13: Tsokos GC F Liossia SN.Lymphocytes, cytokines, mfiarnmation, and 
Immune imffleklng.Curr Opto RheumatoL 1998 Sep; 10(5):4 17-25. 14: Morlshita R, Naknmura S, Hayashi 
S, AoW M, Matsushita H, Tcroita N, YamamotoK, Mcriguchi A, Higakr J, Ogihara T.CpmtibutJon of a. 
vascular modulator, hepwocyte growth factor (HGF), to tfaepasfao^enesls of cardiovascular disease J 
Atheroscler Thromb. 199 8 ;4(3): 128-34. 1 5; Kashrwamura S, Okamura H.[EL-18 and IL-18 
recepior].Njppoo Rinsho. 199S M;56(7): 1798-806. Japancse.16: Faxlon WA, Rang S.Chemokina receptor 
allelic polymorphisms: relationships to HIV resistance anddisease progressio7i.Semin Immunol. 1998 
Jon;10(3);187-94. 17: Arend WP, Maryak M, Guthridge CJ, Cabay C.lmerleukin-I receptor antagonist 
role In biology Annu Rev ImmunoL 1998;16:27-55. 18: Carousri G, Lupia E.The future role of anthtwpovr 
oecrosis rhetor (TKF) products in the trcatrnentof ineiimatoid aTfhritis.PrugS- 1998 Maytf5(5):6l3-20. 19: 
Taga T, Ktehimoto T.Gnl 30 and the taterlevkhi-6 ftunily of cytokines. Anno Rev Immunol. 1997;15;797- 
819. 20: Paul WB.lmerieukia 4: signalling mechanisms and control of T cell ajfTorentiation,Cib* Found 
Symp. 1997;204:208-16; discussion 216-9; 1. (WO 01/49321) TNF INHIBITORS FOR THE 
TREATMENT OF NEUROLOGICAL, RETINAL AND MUSCULAR DlSORDERS2.(WO 01/46261 > 
METHOD FOR TREATING INFLAMMATION3 .{WO 01/40464) INTERLEUION-l-RfiCEPTOR 
ASSOCIATED KINASES (IRAK3) AND ITS USE IN PROMOTION OR INHIBITION OF 
ANOIOOENESISAND CARDTOVASCULARIZATION4.(WO 01/40464) INTERLEUK7N- 1 - 
RECEPTOR ASSOCIATED K1NASE-3 (IRAK3) AND JTS USE IN PROMOTION OR INHIBITION OF 
ANGIOGENESIS AND CARDIOVASCULAR1ZATION5.(WO 01/30850) UMLR 
POLYPEPTTDES6.(WO 00/77195) NUCLEIC ACID ENCODING NOVEL EGF-LIKB GROWTH 
FACTORS7^WO 00/74719) METHOD OF TREATING CARCINOMA USING ANTIBODY THERAPY 
AND AMELIORATING SIDE EFFECTS ASSOCIATED WITH SUCH THERAPYB.(WO 00/02582) 
TREATMENT OF CELIAC DISEASE WITH INTERLEUFCIN-J 5 ANTAGONISTS9.(WO 99/47170) 
PREVENTIVES OR REMEDIES FOR INFLAMMATORY INTESTINAL DISEASES CONTAINING 
AS THE ACTIVE INGREDIENT IL-6 ANTAGONISTS! 0.(WO 99/46376) RECEPTOR FROM THE 
SUPERFAMILY OF TNT-RECEPTORS FROM THE HUMAN LUNG I l,(WO 99/43809) PROTBAS&- 
ACTI VATED RECEPTOR 4 AND USES TH€REQF12.(WO 98/48017) FAMILY OF 
IMMUNOREGULATORS DESIGNATED LEUKOCYTE IMMUNOGLOBULiN-LIKE RECEPTORS 
CLIR)13.(WO 98/47923) IL-5R ANTAGONISTS FOR TREATMENT OF INFLAMMATION, ASTHMA 
AND OTHER ALLERGIC DISEASES 14.( WO 98/46620) A NOVEL HUMAN G-PROTEIN COUPLED 
RECEPTOR15.(WO 98/46265) METHODS FOR USING ANTAGONISTIC ANTUAVB3 TNTEGRIN 
ANTreODIESl6.(WO 98/367 0*7) MODULATION OF THE HYPOTHAlAMIC-PrrUITARY- 
ADRENAL-ADIPOSE AXIS WITH LEPTIN RECEPTOR UGANDSl7,(WO 98/3 1 809) HUMAN CC 
CHEMOXINB SLC1 8.(WO 98/30706) COMPOUNDS, COMPOSITIONS AND METHODS FOR THE 
ENDOCYTTC PRESENTATION OF IMMUNOSUPPRESSIVE FACTORS 1 9-(WO 98/24817) NOVEL 
DNA, NOVEL PROTEIN, AND NOVEL ANTIBODY20.(WO 98/22499) NEURON AND NEURAL 
TUMOUR GROWTH REGULATORY SYSTEM, ANTIBODIES THERETO AND USES 
THEREOF21.(WO 98/19706) IDENTIFICATION OF UNIQUE BINDING INTERACTIONS BETWEETM 
CERTAIN ANTIBODIES AND THE HUMAN B7.1 AND B7.2 CO-STIMULATORY 
ANTIGEN$22.(WO 98/18456) PROTEASE-ACT1VATED RECEPTOR 3 AND USBS THBRBOF23 (WO 
98/14480) G PROTEIN-COUPLED RECEPTOR ANTAGONISTS 24.(WO 98/02541 ) GAMMA- 
HERBGULIN25.(WO 97/49818) G-BETA-GAMMA REGULATED PHOSPHATIDYLINOSITGL-3 1 
KINASE26.(WO 97/48804) TIE-2 RECEPTOR LIGANDS (TIE LIGAND-3; TIE UGAND-4) AND 
THEIR USES27.(WO 97/41225) MAMMALIAN MIXED LYMPHOCYTE RECEPTORS, CHEMOKIWE 
RECEPTORS [MMLR-CCR]28,(WO 97/24373) MONOCLONAL ANTIBODY ANTAGONISTS TO 
HAEMOPOIETIC GROWTH PACTORS29.(WO 97/21732) DESIGN OF HORMON&OLIKE 
ANTIBODIES WITH AGONISTIC AND ANTAGONISTIC FUNCTIONS, 6,235,880 Human 
sulfonylurea receptor 6,221,660 DNA encoding SNORF25 receptor 6,214,797 Urocortin peptides, nucleic 
acid encoding same methods for usxngsame6,2 1 4,344 Hepatocyte growth factor receptor antagonists and 
uses thereof 6,210,904 Anticoagulant test6,207, 152 Hepatocyte growth fector receptor antagonists and 
uses ihereof5^04 t 017 Polynucleotide encoding a hisrarnine reoeptor 6.197,541 Rccarabinnnt thrombin 
receptors end assays using tbem6,l 84,358 IP- 1 0/Mig receptor designated CXCR3, antibodies, uucleic 
ac idaj and methods of use mnrefor6,177 1 079 Antagonists of interleukm-1 56,177,078 Monoclonal antibody 
antagonists lo IL-36, 177,077 TNT mhioiton for the treatment 0 f neurological disorders 6,171,815 Human 
sulfonylurea recsptgrfi, 168,783 Antagonists of lnterletikin- 1 56 9 l66, 1 85 Antibodies to human TlE-2 
Ugands6, 165,466 Antagonists of interteukln-1 56,162,431 SerineAhreonine protein kinases, 143,870 
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Thrombin receptor homotog6.I36.9S7 Antibodies which bind granulocyte-macrophana colony- 
itimulatingfecto? receptor6. 124,101 Recombinant thrombin receptor and related pharmaceutical^, 1 11,075 
Protese-actlvated receptor PAR4 (ZCHEMR2) 6, 103,874 Human KDBL receptor 6,096,873 Gamma- 
heregulin 6,086,874 Antitumor agent effect enhancer containing 1L-6 antagonists 6,0 84,075 Agonist and 
antagonist antibodies to the chemokme receptor-2(CCR2) 6,063,596 &protein coupled receptors 
associated with Immune respocse6,054,292 T-cell receptor proteln6,043,2l2 Recombinant CI40 receptor, 
its agonists and antagonists, andnuclelc acids encoding the receptor&,033,869 Polynucleotide encoding a 
novel human cytokme/steroid receptor 6,024*936 Antibody-based method of localizing activated 
tfrTombmreceptars 6,017,763 O-beta-gamma regulated phosphatidylinosi tol-3' kinase6,0 ! 3,480 
Antagonisis of mterietikin-1 56,0 13,479 Human Bmrl -like O protein coupled receptor 5,994,097 
Polynucleotide encoding human G-proteln coupled receptor^ 85,828 Mammalian receptors for 
mteriuukhvlO(TL-10) 5,985,583 aoning end expression of gOMdotrophvreicasing 
hommnereceptoT5,977,072 High affinity tonrmiwglobnlin £ receptor-like pr0iein5.976.852 K.kappay.mu,- 
like protein tyrosine phosphatase, PIP Jambda.Si976.815 Bioassay using ALK-7, a novel serine threonine 
kmatc receptor 5,972,62 1 Methods of identifying compounds mat modulate body woightusing the OB 
receptor 5,965.709 IgE aiuBgoniats5,965,365 Serine/threonine protein kinase5.955.303 Human chemokme 
receptor-like protein 5,952,175 DNA encoding a human progesterone receptor complex p23- 
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DNA encoding a transforming growth fhctor-Jjeta. receptor associated protein 5,833,987 Treatment of T 
cell mediated autoimmune disorders5,83 1,047 Oligonucleotide probes to L-AP4 sensitive gtammate 
receptorsequcttCtt 5,830,678 Method for identifying a target peptide that modulates thebinding of 
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pathogen infections by TGF-Bantagonists5.726,036 Granulocyte-macrophage colony-stimulating factor 
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their expression in host cella5.543.l43 Method for activating maCTopba£cs/monocytea5,5 1 6, 894 Ajsuh^b - 
adenosine recepton5*5 14,555 Assays and therapeutic methods based on lymnhocytecbsmoattraciants 
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YL))AMTNOBENZOIC ACID DERIVATIVES 9.(WO 01/46176) NON PEPTIDE TACHYKININ 
RECEPTOR ANTAGONISTS 10.(WQ 0 1/45730) TWEAK RECEPTOR lL(WO 01/45703) 
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AND METHODS OF USE 12.(WO 01/40464) INTERLEUKIN- 1 -RECEPTOR ASSOCIATED KJNASE-3 
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l4.(WO 01/42268) DOG OREXIN 1 RECEPTOR 15.(WO 01/42208) CYCLOAMINB OCRS RECEPTOR 
ANTAGONISTS 16.(WO 01/41752) ISOFORM SPECIFIC INHIBITION FOR TREATMENT OF PAIN 
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RECEPTOR FAMILY 132.CWO 99/60015) EMIDAZOLIDINE DERIVATIVES, THE PRODUCTION 
THEREOF. THEIR USE AND PHARMACEUTICAL PREPARATIONS CONTAINING THE SAME 
I33.(WO 99/59635) USE OF A GOX-2 INHIBITOR AND A NK-1 RECEPTOR ANTAGONIST FOR 
TREATING INFLAMMATION 134.(WO 99/58142) USE OF ANTI-FROLACTIN AGENTS TO TREAT 
PROLIFERATIVE CONDITIONS 13 5. (WO 99/58097) USB OF ANTl-PROLACTIN AGENTS TO 
TREAT PROLIFERATIVE CONDITIONS 136.(WO 99/57245) METHODS OF SCREENING FOR 
AGONISTS AND ANTAGONISTS OF THE INTERACTION BETWEEN THE HUMAN KIAA0001 
RECEPTOR AND LIGANDS THEREOF 137 (WO 99/5 1245) NON-PEPTBDE BRADYKININ 
RECEPTOR ANTAGONISTS FOR USB IN TREATING OPHTHALMIC DISEASES AND 
DISORDERS I3S.(WO 99/50249) INTEGRIN ANTAGONISTS 139.(WO 99/49856 ) ANTAGONISTS 
FOR TREATMENT OF CD 1 1/CDI8 ADHESION RECEPTOR MEDIATED DISORDERS I40.(WO 
99/47170) PREVENTIVES OR REMEDIES FOR INFLAMMATORY INTESTINAL DISEASES 
CONTAINING AS THE ACTIVE INGREDIENT 1L-6 ANTAGONISTS 141 .(WO 99/47 158) 
THERAPEUTIC CHEMOKINE RECEPTOR ANTAGONISTS 142.(WO 99/46376) RECEPTOR FROM 
THE SUPERFAMILY OF TNT-RECEPTORS FROM THE HUMAN LUNG 143.(WO 99/45927) 
VITRONECTIN RECEPTOR ANTAGONISTS I44.(WO 99/45905) PROPHYLAXIS AND 
TREATMENT OF MIGRAINE HEADACHES WITH THROMBOXANE SYNTHETASE INHIBITORS 
AND/OR RECEPTOR ANTAGONISTS 145.(WO 99/446 1 2) SUBSTITUTED QUINAZOL1NES AND 
ANALOGS AND THE USE THEREOF 146.(WO 99/43809) PROTEASE-ACTTVATED RECEPTOR 4 
AND USES THEREOF I47.(WO 99/42464) SUBSTITUTED IMIDAZO[l,2-a;3 f 4. 
a'JDIQUINOLlNYLIUM INTERLEUKIN-8 RECEPTOR ANTAGONISTS 148.(WO 99/42463) 
SUBSTITUTED QUINOXAUNB DERIVATIVES AS INTERLBUK1N-8 RECEPTOR ANTAGONISTS 
149XWO 99/42461) SUBSTITUTED QUINOXALINB DERIVATIVES AS INTERLEUKIN-8 
RECEPTOR ANTAGONISTS 1SO.(WO 99/41257) GLUCOCORTICOID.SELECTIVE 
ANTIINFLAMMATORY AGENTS 151 .(WO 99/41256) GLUCOCORTICOID-SBLECTIVE ANTI- 
INFLAMMATORY AGENTS 152.(WO 99/40192 ) HUMAN RECEPTOR GPR14, AND A METHOD 
OF FINDING AGONIST AND ANTAGONIST TO HUMAN AND RAT OFR14 153 .(WO 99/40091) 
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BICYCLIC PYRIDINE AND PYKIMEHNE DERIVATIVES AS NEUROPEPTIDE Y RECEPTOR 
ANTAGONISTS l54.(WO 99/38532) METHODS FOR THE PREVENTION AND TREATMENT OF 
FIBROSIS AND SCLEROSIS 155.(WO 99/36341) 1NTERLEUKIN-1 RECEPTOR ANTAGONIST 
BETA (IHRA&bgr,) 15 6. (WO 99/33806) 4-[ARYL(PIPERIDIN-4-YL)] AM1NOBENZAMIDES 
WHICH BIND TO THE DELTA-OPIOID RECEPTOR !57.(WO 99/31099) INTEORIN RECEPTOR 
ANTAGONISTS 158.(WO 99/3 1061) IOTEGRIN RECEPTOR ANTAGONISTS 159.(WO 99/30713) 
1NTEGR2N RECEPTOR ANTAGONISTS l60.(WO 99/30709) INTEGRIN RECEPTOR 
ANTAGONISTS I61.(WO 99/29729) ANTAGONISTS OFNEUROPIUN RECEPTOR FUNCTIONAL 
AND USE THEREOF l62.(WO 99/27962) USE OF A FIBRINOGEN RECEPTOR-ANTAGONIST FOR 
PREVENTING DISSEMINATED INTRAVASCULAR COAGULATION 163.(WO 99/26945) 1,3,4- 
TMADIAZOLES AND 1,3,4-OXADIAZOLBS AS &ngr, v fibgr; 3 ANTAGONISTS 164.(WO 
99/36943) THROMBIN RECEPTOR ANTAGONISTS 165 .(WO 99/25857) TRANSGENIC MODELS OF 
INFLAMMATORY DISEASE 166,(WO 99/24471) OPIATE, CANNABINOID, AND ESTROGEN 
RECEPTORS 1 67.(WO 99/24423) PlPBRlDINE DERIVATIVES AND THEIR USE AS TACHYKININ 
ANTAGONISTS 168.( WO 99Q 4421) TMIDAZOYLALKYL SUBSTITUTED WITH A FIVE, SIX OR 
SEVEN MEMEERED HETEROCYCLIC RING CONTAINING ONE NITROGEN ATOM 1 69.(WO 
99/24406) PHENYL-ALKYL-IMIDAZOLES AS H3 RECEPTOR ANTAGONISTS 170.(WO 99/24405) 
H 3 RECEPTOR LIGANDS OF THE PHENYL-ALKY1MMIDAZOLES TYPE 171.(WO 99/21555) 
ADENOSINE A3 RECEPTOR ANTAGONISTS 172.(WO 99/20758) HUMAN TUMOR NECROSIS 
FACTOR. RECEPTOR-LIKE PROTEINS TR1 1, TR1 1SV1, ANDTRI 1SV2 173^WO 99/19462) 
ENHANCED IMMUNOGENIC CELL POPULATIONS PREPARED USING H2 RECEPTOR 
ANTAGONISTS 174.CWO 99/17773) COMPOUNDS AND METHODS I75.(WO 99/16465) METHOD 
FOR INHIBITING TUMOR ANGIOGENESIS IN A LIVING SUBJECT 176. (WO 99/1 1790) TUMOR 
NECROSIS FACTOR RECEPTOR ZTNFR-6 l77.(WO 99/06049) INTEGRIN RECEPTOR 
ANTAGONISTS 1 78.(WO 99/04001) TUMOR NECROSIS FACTOR RECEPTOR ZTNFR-5 179.(WO 
99/02499) QUINOULNE COMPOUNDS AND MEDICINAL USES THEREOF 180.(WO 99/01764) 
METHOD FOR RECOGNIZING AND DETERMINING GNRH RECEPTORS AND THE USE OF 
GNRH AGONISTS AND GNRH ANTAGONISTS AND OTHER GNRH RECEPTOR LIGANDS FOR 
THE TREATMENT WITH GNRH RECEPTORS OF TUMOURS ORIGINATING IN THE BRAIN 
AND/OR NERVOUS SYSTEM AND/OR MENINGES AND/OR OF KAPOSI SARCOMA 191 .(WO 
99/01444) POLYMORPHIC FORM OF THE TACHYKININ RECEPTOR ANTAGONIST 2-CR>0<R) - 
(3>BISCnUFLUOROMETHYL)PHENYL)ETHOXY>3-(SK4-Fl-UORO) PHBNYL-4^3-5 (-OXO- 
1 H,4H-l,2,4 t -TRlAZOLO) METHYLMORPHOUNE 182 (WO 99/01 127) COMPOUNDS AND 
METHODS 183.(WO 99/00406) CYCLIC AGONISTS AND ANTAGONISTS OF C5a RECEPTORS 
AND G PROTEIN-COUPLED RECEPTORS 1 84.(WO 98/58674) ANTI-TUMOUR 
PHARMACEUTICAL COMPOSITIONS CAPABLE OF REDUCING DRUG RESISTANCE IN 
TUMOUR CELLS 185.(WO 98/57647) COUP-TFI1: AN ORPHAN NUCLEAR RECEPTOR REQUIRED 
FOR ANGIOGENESIS 1 86-(WO 98/56892) HUMAN TUMOR NECROSIS FACTOR RECEPTOR TR9 
187.(WO 98/56779) 4-SULFINYL BENZAMIDES AS CALCITONIN GENE-RELATED PEPTIDE 
RECEPTOR ANTAGONISTS I88.CWO 98/55153) NON-STEROIDAL RADIOLABELED 
AGONIST/ANTAGONIST COMPOUNDS AND THEIR USE IN PROSTATE CANCER IMAGING 
1 89 ( WO 98/54325) HUMAN FRP AND FRAGMENTS THEREOF INCLUDING METHODS FOR 
USING THEM 190.(WO 98/54202) HUMAN TUMORNECROSIS FACTOR RECEPTOR TRIO 
191.(WO 98/54201) HUMAN TUMOR NECROSIS FACTOR RECEPTOR-LIKE PROTEIN 8 I92XWO 
98/54187) SPIRO-AZACYCLIC DERIVATIVES AND THEIR USB AS THERAPEUTIC AGENTS 
193.CWO 98/53069) GDNF RECEPTORS 194.(WO 98/49170) SP1RO-AZACYCUC DERIVATIVES 
AND THEIR. USE AS THERAPEUTIC AGENTS 195.(WO 98/48017) FAMILY OF 
IMMUNOREGULATORS DESIGNATED LEUKOCYTE IMMUNOGLOBULIN-LIKE RECEPTORS 
CUR) 196.CWO 98/47923) IL-5R ANTAGONISTS FOR TREATMENT OF INFLAMMATION, 
ASTHMA AND OTHER ALLERGIC DISEASES 197.(WO 98/46751) OSTEOPROTEGBRIN BINDING 
PROTEINS AND RECEPTORS 198.(WO 98/46620) A NOVEL HUMAN G-PROTEIN COUPLED 
RECEPTOR 199.(WO 99/46265) METHODS FOR USING ANTAGONISTIC ANTI-AVB3 INTEGRIN 
ANTIBODIES 200 .(WO 98/43962 )HETEROCYCUC INTEGRIN INHIBITOR PRODRUGS 25L(WO 
97/44333) 1A4-OXADTAZOLES AS ADHESION-RECEPTOR ANTAGONISTS 252.(WO 97/44329) 
DIARYLALKYL CYCLIC DIAMINE DERIVATIVES AS CHEMOKINB RECEPTOR ANTAGONISTS 
253.(WO 97/4)225) MAMMALIAN MIXED LYMPHOCYTE RECEPTORS, CHEMOK1NE 
RECEPTORS [MMLR-CCR] 254. (WO 97/37655) &agr;v&b*r;3 ANTAGONISTS 255,(WO 97/35969) 
PEPTIDE LIGANDS OF THE UROKINASE RECEPTOR 256>(WO 97/34878) SUBSTITUTED 2,3- 
BENZODIAZEPIN-4-ONES AND THE USE THEREOF 257,(WO 97/33904) DEATH DOMAIN 
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CONTAINING RECEPTORS 258.(WO 97/S3887) SFIROCYCLE INTEGRIN INHIBITORS 259.0TO 
97/33613) PARASITB-DERIVTOANTMNF^^ PROTEIN 
260^WO 97/30991 ) NOVEL SUBSTITUTED N-METHYl^N^4-(4^1H-BfiNElMlDAZOL-Z- 
YL)[ 1 ,4]DIAZEPAN- 1 - YL)^ARYL)BUT YL)BENZAMIDES USEFUL FOR THE TREATMENT OF 
ALLERGIC DISEASES 26l.(WO 97/30990) NOVEL SUBSTTTUTED N-METHYUN^HPIPERIDIN- 

1- YL>2^ARYL)BUTYL)BENZAMIDES USEFUL FOR THE TREATMENT OF ALLERGIC 
DISEASES 262.(WO 97/30989) NOVEL SUBSTITUTED N-METHYL-N-(4-(4-(IH-BENZIMIDA20L- 

2- YL-AMTNO)? n*ERIDIN-l-YL)-2-(ARYL)BUTYL)HEN2AMlDBS USEFUL FOR THE 
TREATMENT OP ALLERGIC DISEASES 2 63 .(WO 97/30079) PEPTIDE ANTAGONISTS OF 
CELLULAR MJTOGENES1S AND MOTOGENESIS AND THEIR THERAPEUTIC USE 264 (WO 
97/30069) 17-BETA^CLOI^OPyi^MmO/OXY) 4-A2A STEROIDS AS ACTIVE INHIBITORS 
OF TESTOSTERONE 5-ALPHA-REDUCTASB AttD C17-20-LYASE 265.CWO 97/29775) 
COMPOSITIONS COMPRISING A CYCLOOXYGENASE-2 INHIBITOR AND A LEUKOTRlENE B 
4 RECEPTOR ANTAGONIST 266.(WO 97/29079) NOVEL COMPOUNDS AND PHARMACEUTICAL 
USE THEREOF 267.(WO 97/28190) CYTOKINE ANTAGONISTS AND AGONISTS 268.(WO 
?Z^ 3 !5l M P NOCLONAl * ANTIBODY ANTAGONISTS TO HAEMOPOIEHC GROWTH FACTORS 
26*9.(WO 97/23480) NOVEL INTEGRIN RECEPTOR ANTAGONISTS 270.(WO 97/22604) NOVEL 
SUBSTITUTED 4-(lH-BENZIMIDAZOL-2-YL)[MpIA2EPANBS USEFUL FOR THE TREATMENT 
OF ALLERGIC DISEASES 271.0VO 97/21732) DESIGN OF HORMONE-LIKE ANTIBODIES WITH 
AGONISTIC AND ANTAGONISTIC FUNCTIONS 272.(WO 97/21702) 3- 
BENZYLAMINOPYRROLIDINES AND -PIPER1DINES AS TACHYKININ RECEPTOR 
ANTAGONISTS 273.(WO 97/21445 ) VASCULAR IRRIGATION SOLUTION AND METHOD FOR 
INHIBmON OF PAIN, INFLAMMATION* SPASM AND RESTENOSIS 274.(WO 97/20062) TL-12 
P40 SUBUNIT FUSION POLYPEPTIDES AND USES THEREOF 275.(WO 97/19074 ) SUBSTITUTED 
4^lH-B£N2IMlDAZOL-2-YI^AM^ USEFUL FOR THE TREATMENT OF 
ALLERGIC DISEASES 276.(WO 97/1 9059) NOVEL SUBSTITUTED ARYL COMPOUNDS USEFUL 
AS MODULATORS OF ACETYLCHOLINE RECEPTORS 277_(WO 97/16442) SUBSTITUTED 

P YR1DYL PYRROLES, COMPOSITIONS CONTAINING SUCH COMPOUNDS AND METHODS OF 
USE 278 (WO 97/16202) CYTOKINES AND THEIR USE IN TREATMENT AND/OR PROPHYLAXIS 
OF BREAST CANCER 279.(WO 97/16159) ENHANCED ANTIINFLAMMATORY ORAL 
COMPOSITION CONTAINING H 2 RECEPTOR ANTAGONIST AND ANTIMICROBIAL OILS 
280-CWO 97/15298) COMBINATION OF LTD. RECEPTOR ANTAGONISTS WITH 
GLUCOCORT1COSTEROIDS 281. (WO 97/14671 ) CYCLOMNTYL TACHYKININ RECEPTOR 
ANTAGONISTS 282.(WO 97/13751) INDOLE CARBAMATES AS LEUKOTRjQENE ANTAGONISTS 
283.CWO 97/13514) NK-1 RECEPTOR ANTAGONISTS FOR PREVENTION OF NEUROGENIC 
S^AMMApON IN GENE THERAPY 284.CWO 97/09046) COMPOUNDS AND METHODS 
285.CWO 97/07135) BINDING OF OSTEOGENIC PROTBIN-I (OP-1) AND ANALOGS THEREOF TO 
THE CEUL SURFACE RECEPTOR ALK-I AND ANALOGS THEREOF) 

With respect to clinical and pro-clinical trial development see Antibody Therapeutics Production, Clinical 
TOala, and Strategic tan*, By Rntbra C. Das, FH.D-, M.B.A. & K. John Morrow, Jr., PIlD., D6MD 
Publications October 2001, Chapter & 

Entity Associated and Entity Specific Markers 

The term marker is ased broadly to refer to any ttgand or binding site for a "targeting* or on 
Wector* moiety of a mnitlspeclflcHgand or antibody of the Invention and is primarily used herein 
to refer to Ugands which are the target of a "targeting" moiety (most often though not exclusively 
«fcmdtoacrcmasaftmUgandb!ndin E molety), v y 

The literature is replete with examples of such markers, as well as antibodies which recognize them. 
With respect to cancer markers and Immune cell markers, etc* meny or these are referred to in 
Cancer: Principles and Practice of Oncology 6° Ed. De Vita et al. Eds Lippmcott 200 1 and some are 
Summarized at pages 309-311, 3197. 

With respect to markers for osteoclasts and antibodies that bind thereto see for example 
Endocrinology 1989 Aug; 125(2)i63a-7| Endocrinology 1990 Deci 127(6): 3215-21; Lab Invest Apr; 
«©(4):S3M; Calciff Tiane bit 199S Aug; 453©! 148-53. Such markers could he used for example to 



86 



# 



CA 02397169 2002-08-13 



target BANK (associated with bone resorption etc.) on osteoclasts using a relatively low affinity 
second Ugand binding moiety. 

Other target applications of multlspecifie Ugands of the invention Include particularly receptors 
associated with anglogtnefto (eg.VEG7Rp 1U) such at KbSU FLK-I and ttLT-1, and various 
cancers cell types eg, and EGF-Xt, Including FGF-R, FDGF-R, Tek and Ti*2. Numerous other 

examples are referred to specifically and through references to the literature herein died. Suitable 
markers for many types of target entities eg. cells bearing sueb receptors are referred to or 
ref arencad herein or described in various subject reviews and texts herein cited, in connection with 
one or more aspects and embodiments of the invention described In this application, and many others 
are known to those skilled In the art and desrihed In the literature Including antibodies. 

With respect to binding to biologic effector ligaods the multispecirtc tigand may comprise a 
recombinatty produced receptor for such Ugand. 

As the Invention contemplates that the multispecflc ligands herein may be used for cancer, it is 
contemplated that combination therapies with chemotherapeutic and blomcrapeudc agents may be used to 
advantage. Such agents are well known to those skilled in the art and include for example! alkylating 
agents, cisplatin and its analogues, antimetabolites. topoisomerBse interactive agents, anthnicrotubule 
agents, interferons, fcrterleukfns, hormonal therapeutics, differentiation agents, antfmtpogentiis agents (fee 
Cancer: Principles and Practice of Oncology 6* Ed. De Vita et el. Eds Lippincott 2001 pp.3 35-5 17) 
With respect to ligands involved In mediating apoptosls see also WOO 144808 METHODS OF 
DIAGNOSIS AND TREATMENT BY BINDING P75/AIRM1 WO0144282 BCL-G POLYPEPTIDES, 
ENCODING NUCLEIC ACIDS AND METHODS OF USB US6242J69 Regulators of apoptosia 
EP1 1061 S3 Antibodies to erbB2 end their therapeutic uses WO0136594McM GENE REGULATORY 
ELEMENTS AND A PRO-APOPTOTic Mel-l VARIANT US2001001712 Monoclonal antibodies 
having property of causing apoptosls WO01 34798 CLONING AND CHARACTERIZATION OF VIRAL 
IAP ASSOCIATED FACTOR (VIAF) EST SEVERAL ORGANISMS CZ20000907 Monoclonal antibody 
roduom & apoptosis HU0003 5 13 MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP10$43l6 
Method for the detection of DNA repltentmg cells US6207452 Antibody of the anti-proliferation domain 
Of human Bcl-2 WO0l235dS NOVEL MEMBERS OF THE IAP GENE FAMILY US619066 1 Methods 
and compositions for the use of apurfnic/apyrmridTnic endonnclesses £P1 087993 FAS PEPTIDES AND 
ANTIBODIES FOR MODULATING APOPTOSIS WO0U9861 APO-2 RECEPTOR ANTIBODIES 
US61 84034 Deoxyribonnclcasc II proteins and cDNAS US6172211 Nucleic acid encoding tag7 
polypeptide WO01 18042 APOPTOSIS PROTEINS WO01 16180 CD40 UGAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WO01161 70 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WOO 144808 METHODS OF DIAGNOSIS AND TREATMENT BY 
BINDING P75/AIRM1 WO0144282 BCb-C POLYPEPTIDES, ENCODING NUCLEIC ACIDS AND 
METHODS OF USE US6242569 Regulators of apoptosls EP 1 106 1 83 Antibodies to erbB2 and their 
therapeutic uses WO01 36594 McM GENE REGULATORY ELEMENTS AND A PRO-APOPTOTTC 
MoH VARIANT US200 1 00 1712 Monoclonal antibodies having property of causing apoptosls 
WO0134798 CLONING AND CHARACTERIZATION OP VIRAL IAP ASSOCIATED FACTOR 
CVTAF) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody inducing apoptosis HU0003513 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP109431 6 Method for the detection ofpNA 
replicating cells US6207452 Antibody of die axxti-proltferation domain of human Bcl-2 WOO 123 568 
NOVEL MEMBERS OF THE IAP GENE FAMILY US6I90661 Methods and composition* for the use of 
apurlulc/apyrimldinic cndonuclcaacs EP 1 087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WO01 19861 APQ-2 RECEPTOR ANTIBODIES US61 84034 
Deoxyribomxclease II proteins and cDNAS US6 1 722 1 1 Nucleic acid encoding tag7 polypeptide 
WO01 1 5042 APOPTOSIS PROTEINS WO01I6180 CD40 LIGAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WO01 X6170 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WO0144808 METHODS OP DIAGNOSIS AND TREATMENT BY 
BINDING P75/ATRM1 WOO 144282 BCL*G POLYPEPTIDES, ENCODING NUCLEIC ACIDS AND 
METHODS OF USE US6242569 Regulators of apoptosls EP1106183 Antibodies to erbB2 end their 
therapeutic u K5 WOO 1 36594 Mc 1-1 GENE REGULATORY ELEMENTS AND A PRO-APOFTOTlC 
McI-1 VARIANT US2001001712 Monoclonal antibodies having property of causing apoptosis 
WOO 134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATED FACTOR 
(VIAE) IN SEVERAL ORGANISMS C220000907 Monoclonal antibody inducing apoptosis HU0003513 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP1094316 Method for the detection of DNA 
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replicating cells US6207452 Antibody of the antUproIiferarion domain ofhumnn BcU2 WOO 12356ft 
NOVEL MEMBERS OF THE IAP GENE FAMILY VS6 190661 Methods and comwsWow use of 
apunnfc/apyitandinlc endonucleases EP1 087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WO01 1986 1 APO-2 RECEPTOR ANTIBODIES US6J84034 
Deoxyribonuclease II proteins end cDNAS US617221 1 Nucleic acid encoding ta*7 pojyD&stlde 
WOOl 18042 APOPTOSIS PROTEINS WO01 16180 CD40 UGAND ANDCD40 AgKt 
COMPOSITIONS AND METHODS OF USE WO01 16 1 70 NOVEL CARD PROTEINS INVOLVED IN 

^g^g^/AiRMI WO0144282 BO^G POLYPEPTIDES. ENCODING NUCLEIC ACIDS AND 
METHODS OF USE US6242569 Regulators of apoptosw BP! 106183 Antibodies to crtB2^dthctr 
therapeutic uses WOO 136594 McM GENE REGULATORY ELEMENTS AND A PRO-APOFTOTIC 
McH VARIANT US20 0100 1712 Monoclonal antibodies having property of causing anratosis 
WO0134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATED FACTOR 
(V1AF) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody Inducing apoptcsls HU0003513 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP1094316 Method for the detection of DNA 
I&l « y$&Q7WArib9dy of the aott-proUfcration domain of human flci-2 WO0123568 
NOVELKfflMbBRS OF THE IAP GENE FAMILY US6190661 Methods and uwp^wfyr**™ of 
apurmtc/apynimtafe endomxcleases EP1 087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOO 1 19861 APO-2 RECEPTOR ANTIBODIES US6184034 
Dowc^omielease TI protein* and cDNAS US617221 1 Nucleic acid encoding ta«7 polypeptide 
WO01 18042 APOPTOSIS PROTB£N$ WO01 16180 CD40 UGAND AND CD40 AGCOTST 
COMPOSITIONS AND METHODS OF USE WO011 6 170 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WO0144808 METHODS OF DIAGNOSIS AND TREATMENT BY 
2^£j™^ WO0144*82BCL<3 POLYPEPTIDES, ENC»DIN^SbM>S AND 
METHODS OF USE US6242569 Regulators of apoptosis EP1 106183 Antibodies to erbB2 and their 
therapeutiDiisBs WOOI36594McI-l GENE REGULATORY ELEMENTS AND A PRO-APOPTOTIC 
Mcl-1 VARIANT US2001001712 Monoclonal antibodies bavins property of causlan apoptosis 
WO0134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATE FACTOR 
(V1AF) IN SEVERAL ORGANISMS CZ2Q000907 MonoclcmaJ antibody kducbiK epontosis HU0003S13 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP1094316 Method to toi^r^ oTDr^ 
replicating cells US6207452 Antibody oFthe anti-proUteratlon domain of human Bcl-2 WOO 123568 
NOVEL ^MEMBERS OF THE IAP GENE FAMILY US6190661 Methods and compositions for the use of 
aprirlnic^yrimldtolc endonucleases EP1087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOOl 1986] APO-2 RECEPTOR ANTIBODIES US6184034 
Dcctfynboiuxclcase n proteins and cDNAS US617221 1 Nucleic acid encoding tag7 polypeptide 
WOOl 18042 APOPTOSIS PROTEINS WOOD 61 80 CD40 LIGAND AND CD40 AGOMST 

^™™i^^S5^ OFUSE WO0116170NOVEL CARD PROTC^ Solved IN 
CELL DEATH REGULATION WO0144BQ8 METHODS OF DIAGNOSIS AND TREATMENT BY 
?£E5J£ P75/A1RMI ^00144282 BC1>G POLYPEPTIDES, ENCODING NUCLETC ACIDS AND 
METHODS OF USE US6242569 Regulators of apoptosis EP1 106183 Antibodies to etbB2^thrir 
thentpeutxc uses WO0136594 McM GENE REGULATORY ELEMENTS AND A PROAFOPTOTIC 
McM VARIANT US200 100 1712 Monoclonal antibodies having property of causing apoptosis 
WO0 134798 CLONING AND CHARACTERIZATION OF VIpXl IAP ASSOCIATED FACTOR 
(VlAF) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody inducing aoootosis HU0003515 
MONOCLONAL ANTIBODY INDUCING APOFTOSIS B^O^X^^ XS^^oiD^ 
J^VS^ US^ 207452 Antibody of the anti-proliferation domain of human Bcl-2 WO012356S 
NOVEL MEMBERS OF THE IAP GENE FAMILY US6190661 Methods and compositions for the use of 
Hpimmc/epyrimidrrric endonucleases EP1087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WO0119B61 APO-2 RECEPTOR ANTIBODIES U$6l 84034 
Deoxyribonuclease 0 proteins end cDNAS US617221 1 Nucleic acid encoding tag7 polypeptide 
WOOl 18042 APOFTOSIS PROTEINS WOOl 16180 CD40 LIGAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WOO 1161 70 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WO0144808 METHODS OF DIAGNOSIS AND TREATMENT BY 
fl^^r^^l^}^ BCL-G POLYPEPTIDES. ENCODING NUCLEIC ACIDS AND 
METHODS OF USE U96242569 Regulators of apoptosis EPi 106183 Antibodies to erbB2 and their 
S?^^\^J^^i McW GENE REGULATORY ELEMENTS AND A PRO-APOPTOTIC 
McM VARIANT US2001 00 1712 Monoclonal antibodies having property of causing apoptosis 
WO0134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATED FACTOR 
CV1AP) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody inducing apoptosis HU00035I3 
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MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP1 0943 16 Method for the detection of DNA 
replicating cells US$207452 Antibody of the and-prollfcratlon domain of human Bcl-2 WO0123568 
"NOVEL MEMBERS OF THE ZAP GENE FAMILY US61 9066 1 Methods and compositions for the use of 
apurinic/apyrimidinic endonucieases EP1087993 PAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOO 1 19861 APO-2 RECEPTOR ANTIBODIES US6184034 
Deoxyribonuclease JI proteins and cDNAS US617221 1 Nucleic acid encoding xag7 polypeptide 
WO01 18042 APOPTOSIS PROTEINS WO01 16180 CD40 L1QAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WO01 16170 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WO0l44*0ft METHODS OF DIAGNOSIS AND TREATMENT BY 
BINDING P75/AIRMI WO0144282 BCL-G POLYPEPTIDES, ENCODING NUCLEIC ACIDS AND 
METHODS OP USB US6242569 Regulators of apoptosis EP1 106183 Antibodies to erbB2 and their 
Therapeutic uses WO0136594 MoM GENE REGULATORY ELEMENTS AND A PRO-APOPTOT1C 
Mcl-1 VARIANT US2001001712 Monoclonal antibodies having property of causing apoptosis 
WO0I34798 CLONING AND CHARACTERJ7ATJON OF VIRAL IAP ASSOCIATED FACTOR 
(VIAF) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody inducing apoptosii HU00035I3 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP1 0943 16 Method for die detection of DNA 
replicating celts US6207452 Antibody of the an ti -proliferation domain of human Bcl-2 WOO 123568 
NOVEL MEMBERS OF THE IAP GENE FAMILY US619D661 Methods and coxnpp$ftians for die use of 
apurhiic/apydmldlnlc eadonudeases EP1087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOO 1 1 986 1 APO-2 RECEPTOR ANTIBODIES US6184034 
Deojcyribonueleaae n proteins and cDNAS US617221 1 Nucleic acid encoding tag7 polypeptide 
WO0U8042 APOPTOSIS PROTEINS WO01 1 61 80 CD40UO AND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WOOl 16170 KQVEL CARD PROTEINS INVOLVED JN 
CELL DEATH REGULATION WOO 144808 METHODS OF DIAGNOSIS AND TREATMENT BY 
BINDING P75/AIRM1 WO0144282 BCL-G POLYPEPTIDES, ENCODING NUCLEIC ACIDS AND 
METHODS OF USE US6242569 Regulators of apoptosis EP1 106183 Antibodies to erhB2 and their 
therapeutic uses WOO 13 6594 Mcl-1 GENE REGULATORY ELEMENTS AND A PRO- APOPTOTIC 
Mcl-l variant US2001Q01712 Monoclonal antibodies having propeny of causing apoptosis 
WOO 134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATED FACTOR 
(VIAP) IN SEVERAL ORGANISMS C2200QD907 Monoclonal antibody Indnclng apoptosis HU00Q3J13 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP10943 16 Method for the detection of DNA 
replicating cells USS207452 Antibody of the anti-proliferation domain of human Bol-2 WOO 123568 
NOVEL MEMBERS OF THE IAP GENE FAMILY US6190661 Methods and composition) for (he use of 
apurinitfapyrfinidKnlo endonucieases EPI087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOO 11986 1 APO-2 RECEPTOR ANTIBODIES US6184034 
Deoxyribonucleic n proteins and cDNAS US 6 17221 1 Nucleic acid encoding tag7 polypeptide 
WOO UB 042 APOPTOSIS PROTEINS WOO 116180 CD40 L1GAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WOOl 16170 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION WO0I44808 METHODS OF DIAGNOSIS AND TREATMENT BY 
BINDING P75/AIRM1 WO0144282 BCL-G POLYPEPTIDES, ENCODING NUCLEIC ACIDS AND 
METHODS OF USE US6242J69 Regulators of apoptosis EP 11 06 183 Antibodies to erhB2 rod their 
therapeutic uses WO0136*594 Mcl-1 GENE REGULATORY ELEMENTS AND A PRO-APOPTOTIC 
Mcl-1 VARIANT US2001001712 Monoclonal antibodies having property of causing apoptoaia 
WO0134798 CLONING AND CHARACTERIZATION OF VIRAL IAP ASSOCIATED FACTOR 
(VIAF) IN SEVERAL ORGANISMS CZ20000907 Monoclonal antibody inducing apoptosis RU00035 13 
MONOCLONAL ANTIBODY INDUCING APOPTOSIS EP 1 0943 16 Method for the detection of DNA 
replicating cells US6207452 Antibody of the arrd-proliferatlon domain of human Bcl-2 WOO 123568 
NOVEL MEMBERS OF THE IAP GENE FAMILY US6190661 Methods and compositions for the use of 
apurinic/apyrimidinic endonucieases EP 1087993 FAS PEPTIDES AND ANTIBODIES FOR 
MODULATING APOPTOSIS WOOl 19861 AP02 RECEPTOR ANTIBODIES US61 84034 
Deowibonuclease U proteins and oDNAS US6172211 Nucleic acid encoding tag7 polypeptide 
WOO 1 1 8042 APOPTOSIS PROTEINS WO01 1 61 80 CD40 LIGAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE WOOl 16170 NOVEL CARD PROTEINS INVOLVED IN 
CELL DEATH REGULATION 

As stated above, in a related but also independent aspect, the invention contemplates a method of screening 
tar an antibody which preferentially binds to a Ugand when bound to a first receptor relative to another 
second receptor by screening for antibodies (eg. by phage display, ribosome display, etc.) which bind to the 
Ugand eg. a cytokine, when hound In $hptothc first receptor, and selecting among them those that bind to 
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the ligand eg. cytokine bin do not bind (substraeilve soeenbg) or bind with letter affinity when bound to 
the cytokine to tho second receptor, as well as to antibodies and multifunctional ligands created by this 
method (see also TJSF 6,046,048 and WO 99/12973 and references cited therein with respect to TNF 
family of receptors). Variations in flie extracellular domains of such receptors are known and can be 
ascertained by methods known to those skilled In the an. Accordingly the invention is directed to an 
antibody characterized m that it binds to an epitope on the ligand which permits the Ugnnd to bind, while 
the antibody is bound to ft, to a first receptor but not a second receptor. In a preferred embodiment both are 
ceil surrace receptors, in a preferred embodiment the ligand is a natural ligand, preferably a growth factor, 
Cytokine or chumokine. In another Cmbodimant one of the receptors is a soluble receptor. The invention is 
also directed to a method of evaluating the pleitropic effects of a natural ligand by 8dxntaisrering the said 
antibody Including antigen binding fragments thereof and MRUs) and monitoring its effects. The invention 
contemplates that this antibody is a first or second moiety of a multifunctional ligand disclosed herein. 
Examples of receptors include me classes of VEGF receptors (see also 1 :$heppard DJotegrhvmedlated 
Bcnvation of trensJbmmtg growth ftctor-bem(1) w pulmonary fibrosis.Cbest 2001 Jul;120(l Suppl):S49- 
$3. Chow D, Ho J, Nguyen thorn XL, Hose-John S, Garcia KCIn vitro zctonsntuticn of recognition and 
activation complexes between interleukin.6 and gpt30.Biochemistry. 2001 Jun 26;40<25):7503-603. 
Kotenko S V, Izotova L3, Mirochnitchenko OV, Esterova E, Dickenshoets H, Donnelly RP, Pestka 
Sidantifleation, cloning, and characterization of a novel soluble receptor that binds J1.-22 and neutralizes 
lis aeiiviry.J Immunol. 2001 Jun 15; I66(I2):70?$-1 03. Gustin SE, Church AP. Ford SC. Mann DA, Caxr 
PD, OUisDL, Young iCBxpresslon, crystallization and dori valuation of the complete extracellular domain 
of the beta(c) subunit of the human IL-3 and GM-CSF receptors JBur J Biochem. 2001 
May;268(10):2905-ll. McCall AM, Shahled I* Amoroso AR, Horak EM, Simmons HH, Nielson U. 
Adams OP, Scaler R* Marks ID, Werner LM.Increasleg die affinity for tumor antigen enhances bxspoclfic 
antibody cytotoxicity.* TromunoL 2001 May 15; 166(10);61 12-7. Piehier J, Roisman LC, Schreiber O.New 
structural and fimctianal aspects of the type 1 uzterffenm-raceptor inxeraccion revealed by comprehensive 
mnlattenal analysis of the binding interface. J Biol Chcm. 2000 Dec 22;275(51):40425-33.DLINE]7: 
Wicsmann C, Muller YA, de Vos AM.UgattoVbmdmg sites in Ig-tika domains of receptor tyrosine 
kinases J M61 Med. 2QOO;78(5):247-60. Review JDLCNE]8; Bora TL, Smith DB, Garka KB, Ranshaw BR, 
Bcrtloa JS, Sims JE^ Protein, Nucleotide Identification and characterization of two members of a novel 
class of the uiterlaukm-l TeceptoT (JC-IK) family. Delineation of anew class of TX,-lR-related proteins 
based on signalingJ Biol Cham. 2000 Sep 29;275C39):2994«4.DUN£J9: Xta XZ. Treanor J, Senaldi G, 
Khare SD, Boone T, Kelley M, Theill LE, Colombcro A, SOlovyev 1. Lee F, McCabe S, Elliott R. Miner K, 
Hawkins N. Ouo J, Stolina M, Yu G. Wang X, Delaney J, Meng SY, Boyle WJ, Hsu H., Protein, Nucleotide 
TAC1 is a TRAF-mteracting receptor for TALLrl, a tumor necrosis motor fiunily member involved in B 
cell regulation^ Exp Med. 200D Jul 3 ; 192(1): 137-43 JDLTNBHO: Kumaran J, Colamonici OR. Fish 
EN.Strucrair»runction study of the extracellular domain of the human type I interferon receptor (IFNAR)-! 
subunit J mterreron Cytokine Res. 2000 May;20(5):479-85 DIME] 1 1 : Lu D, Kussie P, Pytowsld B, 
Persaud K, Bohlon P, Wide L, Zhu ^Identification of the residues in the extracellular region of KDR 
importam fin* Interaction with vascular endothelial growth factor and neutralizing anti-KDR antibodies. J 
Biol Chcm. 2000 May 12275(19): 1432 1-30.DUNE1 12: Bowie A, O'Neill LAThe mterleukin-l 
receptonToll-like receptor superfamily: signal generators for pro-toflantmatory interleukins and microbial 
products J Leukoc Biol 2000 Apr;67{4):50S-14. Review.DUNE] 13: Kumar S, McDonnell PC, Lehr R, 
Tlemey L, Tzmws MN, Qriswold DE, Capper EA, Tel-Singer R. Wclh GI, Doyle ML, Young PR., Protein, 
Nucleotide, OMIM Identification and initial characterization of mux novel members of the inter1euku>l 
ramily. J Biol Chem. 2000 Apr 7 F -275(14): 103 08-14 J)UNE]14: Fujio K. Nosaka T, Kojima T, Kawashhna 
T, Yahaxa T, Copaland NO, Gilbert DJ, Jenkins NA, Yamamoto K, Nishimura T, Kfnsmura T„ Protein, 
Nucleotide Molecular cloning of a novel type 1 cytokine receptor similar to the common, gamma 
chahTufllood. 2000 Apr 1^5(7):2204.10.DUNE] J J: Touw IP, Do Koning JP, Ward AC. Hermans 
MH.Signalirig mechanisms of cytokine receptors and their perturbances in diseast.Mol Cell Endocrinol. 
2000 Feb 23;L60(l-2): 1-9. Review.DUNB] 1 6; Chrinon SL> Sheng M.CYRJU, a novel cytokine receptor- 
like protein expressed in testis, lung, and spIeetLBiochem Biophys Res Commun. 2000 Jan 27£67(3): 697- 
702JDTJNE] 1 7: li H, Chen J, Huang A, Stinson J, Heldens S, Foster J, DO wo" P, Quxncy AL, Wood WI. 
Free in PMC , , Protein, Nucleotide, OMIM Cloning and characterization of 1L-17B and IL-17C two new 
members of the IW7 cytokine family-ProcNatl Acad Sci U S A 2000 Jan 18^7(2):773-8.DUNEJ18: 
Gary-Gouy H, Bruhns P, Schmitt C, Dalloul A, Daarou M, Bismuth G.The psaudo-lmmunoreceptor 
tyrosine-based activation motif of CDS mediates ha mhibitorv action on B-cell receptor signalingJ Biol 
Chem. 2000 Jan 7;27$<1):S48-S$£>LINE]19: Wlesmann C. Uhsch MH. Bass SH, de Vos AM, Protein, 
Structure Crystal structuro of nerve growth meter in complex with the ligand-binding domain of the TrkA 
leceptor^aJare, 1999 Sep 9;401(6749):184-8J>UNBJ20: Im Y, Cmu^shank WW, Ol-oufiihlra T, O'Reilly 
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P Center DM, Komfeld rUdentificetian of a CD4 domain required for raterleukm-16 binding and 
lymphocyte aetivatimU Biol Chem. M9 Aug l3d74^3)23387-95.DLTNB]2l: Donnelly RP. 
Dlctenshocts H, Finbloom DS.Tho ixxtsrleukin-10 signal transduction pathway and regulation of gens 
expression in mononuclear phagocytes J Interferon Cytokine Res. 1999 Jun; 19(6)^63-73. 
Review X>L1NE]22: Kim H, Baumacn RDuai signaling role of me protein tyrosine phosphatase SHM m 
resuUting expression of acute-phase plasma proteins by imerIeukin-6' cytokine receptors in hepatic 
cellsJtlol Cel Biol. 1999 Aug,'l9(8):532d-3aJDUNE]23: KcmebeckT, Pflanz S. Muller-Newcn G. 
Kurapkat G, Scheek RM, Djjtetra K, Hemrich PC, Wollmcr A, Orzesiek S, Orotzinger X, Protein, 
Structure The signal transducer gpl30: solution stnicoire of the carboxy-terrouial domain of the cytokine 
receptor homology reffim-Protein Set 1999 Jan;8(I):J-l2.DUNE]24: Ernst M, Novak U, Nicholson SB, 
Layton JB, Dunn AfLThe carboxyPterminal domains of gpl30-related cytokine receptors are necessary for 
suppressing embryonic stem cell diflcrentiation. Involvement of STAT3 J Biol Chem. 1999 Apr 
2;274fl4):9729-37.DLItfE]25: KM M, Hirano T.Signal transduction through cytokine rcceptors.lm Rev 
Immunol. 1998;l7(l-4);75-102. Review .26: Staunton D. Hudson KR, Heath JICThe interactions ofthe 
cytokine-binding homology region and immunoglobulin- like domains of gp 130 wim oncostatm M: 
implications for receptor complex formation-Protein Eng. 1998 Nov;l 1(1 0:1093-102). 

With respect to markers that are useful for differentiating between various populations and sub-populations 
of cells, see also Human IL-18 Receptor and ST2L Are Stablo and Selective Markers for the Respective 
Type 1 and TVpe 2 Circulating Lymphocytes, Wood Ling Chan, Nada Pejnovic, Christine A Lee, and 
Nadift A. Al-Ali, J Immunol 2001;! 67 1238-1244; CD4+CD25 high Regulatory Cells In Human Peripheral 
Blood. Clare Bacchcr-AHau, Julia A. Brown, Gordon I Freeman, and David A. rtafler, J Immunol 

2001; 167 1245-1253. 

In another aspect the invention is directed to multifunctional ligand comprising at least a first moiety which 
specifically binds to a Ugand on the surface of a virus panicle mat is capable of infecting a mammali an and 
particularly & human cell including a cancer cell (excluding viruses which are known for use in gene 
therapy) and is preferably selected from the group consisting viruses which infect substantial populations of 
individuals including for example influenza virus and at least a second moiety which specifically 
recognizes a cancer cell, m one embodiment preferably a marker present on multiple different cancer types, 
especially cancer types mat are individually or collectively most prevalent in the general population. In one 
embodiment such multifunctional ligand is a bispeciflc, trfspeciflo or tetraspeeific antibody. The invention 
contemplates mat such a multifunctional ligand may be used to target such viruses to tumors m a manner 
which preferentially kills the cancer cells either through the action of the virus and/or by causing the 
immune response to the virus or virus infected cell to preferentially (relative to non-cancer cells) target the 
cancer ceD for ablation* The invention is also directed to a method of treating cancer by retargeting virus 
with which an idrviduel is otherwise infected to the cancer cell eg. Influenza. The invention also 
contemplates that the multifunctional Ugand includes one or more effector moieties which assist in killing 
the virus and/or cancer cell or directing immune cells to the virus and/or cancer cell, if and whan present in 
the individual, for example a moiety which specifically binds to such immune cell eg. a T cell, as discussed 
above. Accordingly, the invention also contemplates that such multifunctional ligand may be used to treat 
influenza virus Infections and secondarily to act prophylactleally as a sentinel against any cancer cells 
wmchrnifiht develop during the course of the viral Infection or a period of immune suppression or 
increased succeptibility to infection or cancer, including tor example, as experienced by individuals with a 
particular immune suppressive disorder or condition or under treatment with immune suppressive drugs, 
individuals at risk for cancer or recurrence of a cancer, individuals of a particular age group, individuals 
experiencing a period of unusual stress which increases their succeptibility to disease or infection. The 
invention also contemplates that such a moiety is used in concert with prior immunization against the virus, 
so that the augmented rmmuna response to the virus benefits me treatment of the cancer cells (see for 
example U5P $16917? and the art cited therein). The invention also directed to such a virus (excluding 
viruses known for use m gene therapy applications eg. aaenoviruB) which is engineered to expresses on its 
surface a cancer targeting moiety such as a scFv (see for example EP 1038967, WO 94/10323 and the art 
cited therein). The invention is also directed to a method of identifying the expression or over-expression of 
cell surfece markers associated with infection by such a virus, by substracti vo screening relative to markers 
also expressed on non-infected such cells, for example using phage display or the like. Such markers may 
be used for vaccine-Type or other immunomen^eutic strategies, Anti-virus markers including innuenza 
virus markers and methods of Identifying new such markers are weD known Jn the art («ee w example 
tjsp 5589174) (sec also The role ofmc antibody response In influenza virus infection.* Gerhard W.,Cutt 
Top Microbiol Immunol 2001;260:171-90, Fernandoa-Sesma A, Schulman JU Mora* TM.A bispecific 
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antibody recognizing uifloenza A vlniS M2 protein redirects effector cells 10 inhibit virus replication in 
vitro J Virol, 1996 Jut;70(7):4S00-4; Todorovska A, Hoovers RC Dolezal O, Kortt AA, Hoogenboom HR, 
Hudson PJ# Design and application of diabodies, triabodies and totrabodles for cancer targeting. I Immunol 
Methods. 2001 Feb l;248(l-2):47-<>6., StaerzUD, Yewdnll JW, Bevan MJ. Hybrid antibody-mediated lysis 
of viraB-tnftcted calls. Bur J Immunol. 1987 Apr;t 7(4):57 1-4; Fopnandez-Sesma A, Schuhnan JL, Moran 
TMA blspeclflc amlb ody recognizing Influenza A virus M2 protein redirects effector oells to inhibit virus 
replication in vitro. J ViroL 1996 M;70(7)*80D-4.) 

the Invention Is abo directed to n muWnmctional ligand having at least a tumor cell targeting moiety and 
a moiety which binds to a tumor antigen which is shod from a cancer cell. In a preferred embodiment, the 
tumor antigen binding moiety preferably does not recognize the portion of the antigen which is most 
immunogenic and leaves mat portion exposed for recognition by me immune system. The Invention 
contemplates generating such preferred antibody or fragment thereof by using an an immune complex 
between an antibody that binds to such immunogenic portion and the antigen as a target for phage display 
or generation or polyclonal sera. The invention alio contemplates identifying antibodies which recognize 
immunogenic portions of the antigen by screening patient sera for antibodies which recognize the antigen. 
The invention also contemplates that such multifunctional Ugand includes one or moro effector moieties 
which assist hi killing the cancer cell or directing immune cells to the cancer cell, for example a moiety 
which specifically binds to such temune ceil eg. a T cell receptor, as discussed above. 

Without limiting the generality of or applicability of the foregoing, and without being limited by or limiting 
die scope of the claims, various embodiments of the invention may be summarized for ease of reference as 
follows: 1 . A multispeeffie Hgand comprising at least a first Ugand binding moiety which preferentially 
binds wlm a first affiniry 2 to a first Ugand having a firtt biodistribulion* and at least a second Ugand 
binding moiety which preferentially binds with a second affinity to a second ligand having a second 
bi odistnTmtion which is different 3 from that of the first Ugand, end wherein die affinity of first and second 
ligand binding moieties are selected to bias the Modistributicn of the mura'specific ligand. 2. A 
nruJtispeciflc ligand according to paragraph L wherein said mutti functional ligand comprises one or more 
ligand binding moieties which are antibodies. 3. A inuluspeofic ligand according to paragraph 1 or 2, 
wherein the affinity of said first ligand binding moiety for the first Ugand Is higher than the affinity of the 
second ligand binding moiety for the second Ugand so as to bias the bfodtartoution of the mukispecific 
ligand m favor of the the first fi gano\ 4. A multlspeclfi© Ugand according to paragraph 3, wherein the first 
and second Uganda have overlapping blotistnTmtions. 4 5. A multispecfic Ugand according to paragraph 4, 
wherein foe first ligand is a target cell population associated ligand and wherein said second Hgand is 
present on a broader population of cells and wherein the biodistribution of the muhispeclflc Ligand is 
skewed m favour of foe target cell population. 6. A multispecfic Hgand according to paragraph 1 or 5, 
wherein said first Ugand is a marker associated with* one or more specific cell populations, infectious or 
parasitic agents, diseased cells, or disease associated* cells, optionally one of specific Uganda herein 
mentioned or referenced or known to those skilled in the art 7. A mnltispcciflc Ugand according to 
paragraph 6, wherein said marker is a specific biological structure. 8. A multispecifio Ugand according to 
paragraph 6> wherein said marker is a specific receptor or receptor ligand. 9. A multispecifio Ugand 
according to paragraph 6, wherein said marker Is a specific antigen. 1 0. A multispeciflc Ugand according to 
paragraph *% wherein amid marker is a specific epitope. 11* A muttlspeclfie Ugand according to paragraph 6, 
wherein said marker is a CD marker. 12. A multispecifio ligand according to paragraph 6, wherein said 
marker is associated with a cancer cell or precancerous cell. 13. A multispecifio hgand according to 
paragraph 6, wherein said marker is associated with an autoimmune disorder or rheumatic disease. 14. A 
muttispecific ligand according to paragraph 6, wherein said marker is associated with a iroecific tissue type. 
15. A mulrispeeifle Ugand according to paragraph & wherein said marker Is associated with a specific 
organ. 16. A multispeciflc ligand according to paragraph 6, wherein said marker is associated with a ceil or 
tissue of specific origin or class. 17. A multispecifio ligand according to paragraph 6, wherein said marker 
is an MHC-peptido complex. 18. A mulrispeeific ligand according to paragraph 6, wherein said inarlcer is 
associated with a eeU surface immunoglobulin. 1 9. A multispeeffle Ugand according TO paragraph 5 or 6, 



1 Contrasted to functional affinity which may result from avidity 
7 sec til 8 

4 The term epitope though technically understood to be specific for a erven antibody, is used to refer to 
antigenic determinants that ere situated proxiroaUy to one another so mat two antibodies will db i consult 
to bind to the same epitope If one compefiveiy Inhibits the binding of the other Through any probative 
competitive inhibition experiment known to those skfficd hi the ait 
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wherein said second ligand is a receptor, family of recepmra or one or more particular receptor mmlly 
members, ojnionally we of those specific receptor? herein mentioned or referenced or known to those 
skilled fa flia art. The favcntion coaiemplatee targeting any receptor present oa any population of entities 
for which there is an entity associated marker. 20. A multispecific ligand according to paragraph 19, 
wherein said second ligand is a call surface recepiur chosen from a group comprising tyrosmo kinase type 
receptors, serine kinase type receptors, heterotrlmerlc ©-protein coupled receptors, receptors bound to 
tyrosine kinase, TOP fsmtty receptors, notch family receptors, guanylale cyclase types, tyrosine 
phosphatase types, decoy receptors, and adhesion receptors, optionally one of the specific receptors herein 
mcntio^or Trfe^ccd or known to those skilled in the art. 21. A mnltlspcclflc ligand according » 
paragraph 19, wherein said receptor requires cross-liriking for biological activity. 22. A nmmspecific ligand 
accoT^gtopaTagraphSox6,w 

li&and binding moiety blocks said receptor. 23. A multispaoific ligand according to paragraph >,5or6. 
wherein saldsecond ligand Is a receptor ligand and wherein said second tigand binding moiety blocks 
interaction wim die corresponding receptor. 24. A muMspeclflc ligand according to paragraph 5 or 6 t 
wherein said second ligand «* a cell surface receptor which initiates a signal transduction and wherein said 
second ligand binding moiety effects a signal irantduoiion. 25. A multkpetifie ligaad according to 
paragraph 5, 6 or 19, wherein said antibody comprises a first VH* which preferentially recognizes said first 
ligand and a second VH which preferentially recognizes said second ligand. 26. A multispecifle ligand 
according to paragraph 25. wherein at least one of said first and second VHs require the cooperation of a 
VL fox binding to their respective ligands, 27. A multispecific ligand according to paragraph 25, 
comprising a first VL associated with said first VH and a second VL associated with said second VH and 
wherein both sai d first and second VHs require the cooperation of a VT* for binding to the first and second 
Uganda, respectively, and wherein said first and second VLs are the same 5 or fractionally intarchango»bl«* 
28. A TnultispecitTc ligand according to paragraph 25 or27, wherein said bispecific antibody is a four chain 
antibody. 29. A multispecific ligand according to paragraph 38, wherein said bispeofio antibody is a 
mlnibody, F{ab*>2 or antibody devoid of a CH3 domain. 30. A rauWspecific ligand according to paragraph 
25, wherein said bispecific antibody is a diabody. 31. A multispecific ligand seconding to paragraph 25 or 
27. wherein said bispecific antibody Is devoid of light chains. 32. A multispecific ligand according to 
paragraph 3 I. wherein said bispecific antibody comprises a pair of disulfide linked heavy chains or heavy 
chtdn portions each comprising at least a VH region, a hinge region and preferably, at least a portion of an 
Fc region at the carboxy terminus of the hinge region. 33. A multispecifle ligand according to paragraph 
31, wherein said bispecific antibody comprises a pair of VHs linked via a polypeptide linker. 34 A 
multispecific ligand according to paragraph 3, 5. 6 or 19 wherein the affinity of the first ligand binning 
moiety for the first ligand is at least approxlnwter/, one, two, three, four, five, six, seven or eight orders of 
magnitude greater than the affinity of said second ligand binding moiety for the second ligand. 35. A 
composition comprising a multispecific ligand in a predetermined dosage, said multispecific ligand 
comprising a first ligand binding moiety which preferentially binds with a pro-selected first affinity id a 
first ligand having a first biodistribution and a second ligand binding moiety which uie&ieutlaHy binds 
with a pre-selected affinity to a second ligand having a second biodistribution. which is different from thai 
of die first ligand, and wherein die affinity of the first and second ligand binding moieties are selected to 
bias the biodistribution of the multispecific ligand in favor of a selected location of one or both of the 
ligands 7 such mat a desired proportion of the dosage Is delivered to the selected location. 36. A 
multtspedHe tigand according to paragraph I or 35, wherein the biodisiribudons of said first and second 
ligands overlap* and wherein the affinities of the first and second ligand binding moieties are selected to 

9 have substantially the same amino acid composition io, with possible exception of one or more additions, 
deletions or substitutions including conservative amino acid substitutions which do not substantially affect 
the specificity and amino acid composition of the paratope % 

6 tiie term appiwcfawtely in the context of orders of magnitude variations in affinity refers a variability that 
is up to a half an order or magnitude. 

7 having regard to their respective btoavallabUttlea 

» The term "overlap" connotes mat notwithstanding the difference In distributions of the first and aooond 
ligands the first and second ligands are bioavailahle for recognition on me same entity. This term and 
related terms, exemplified below, are intended to exclude a siniation where both ligands are preferentially 
expressed on substantially the same entity, for example two afferent tumor associated antigens associated 
differentially with a <tificrentiatod population of cells within a tumor . most particularly in the ^ wiern 
they are mdividuaUy suitable targets for delivery of a toxic payload, and the terms "different distributions 
and "heterogeneous* population are similarly understood to exclude such a common distribution, in the 
appreciation that the invention primarily represents an improved strategy for targeting two different 
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bias tiie biodistribution or the multispecific ligand in fiwour of a target cell population on which both flrti 
and second brands are btoavailanla for recognition, by the first and second ligand binding moieties, relative 
to one ormore non-target cell populations. 37. A multispecifTc Ugand Becoming to paragraph 36, wherein 
the affinity of first ligend binding moiety for the first Ugand is at Least, approximately, one, two, three, four, 
five, six, seven or eifijrt onier* of magnitude greater then the affinity of the second llgand binding, moiety 
for the second llgand. 38. A muWspecifle Ugand according to paragraph 36 or 37, wherein first and second 
Uganda are bioavailable for coatemporanous* recognition by the first and second ligand binding moieties. 

39. A method of controlling the biodistribution of a ligand which interacts with a target Ugand present on a 
heterogenous population of ligand bearing entities, said method comprising using a multispecific ligand 
comprising at least a first ligand binding moiety which pxeferantially* binds with a pro-selected* first 
affinity* to at least a first Ugand associated with a target sub-population of said heterogeneous population 
on which said first ligand and target (second) ligand are bloavaiWc for contemporaneous recognition and a 
second Ugand binding moiety which preicrcntialty binds with a pro-selected lesser affinity to said target 
ligand, and wherein the affinity of first and second ligand binding moieties are selected to bias the 
biodistrihiifcon of the multispecific Ugand in favor of said target sub^opulation of ligand bearing entities. 

40. A memed of testing the biological effects of limiting the biodistribution of a Ugand which interacts with 
a target Ugand present on a heterogenous population of Ugand bearing entitles, said method comprising the 
step of administering & multispecific Ugand comprising at least a first Ugand binding moiety which 
preferentially* binds with a pro-selected* first affinity" to at least a first Ugand associate d with a target 
sub-population of said population of Ugand bearing entities on which said first Ugand and target (second) 
ligand are bioavaible for contemporanous recognition and a second ligand binding moiety which 
preferentially binds with a pre-selected lesser affinity to said target Ugand, and wherein the affinity of first 
and second ligend binding moieties are selected to bias the biodistribution of the multispecific Ugand In 
favor of said target sub-population of ligand bearing entities. 41- A multispecific ligand which 
preferentially binds to a target ligand on a selected sub-population of a heterogeneous population of cells 
bearing the target-hgand, the multispecific Hgand comprising a first Ugand binding moiety which 
preferentially binds to a cell sub-population associated Ugand and a second ligand binding moiety which 
binds to the target-] jgand, said first Ugand binding moiety having an affinity for the sub-population 
associated ligand that is higher than the affinity of die second Ugand binding moiety for die target ligand. 
42. A multispecific Ugand according to paragraph 41, wherein the affinity of said first ligand binding 
moiety for the cell sub-population associated ligand is approximately. One, two, three, four, five, six, seven 
or eight orders of magnitude greater than the affinity of said second Ugand binding moiety for said target 
ligand. 43. A miirrispeciflc Ugand according to paragraph 42, wherein said target Ugand Is a receptor or a 
receptor Ugand 11 . 44. A multispecific Hgand according to paragraph 45, wherein at least one of said first or 
second Ugand binding moieties comprises an antibody heavy chain or functional portion^) thereof 
including a VH or fragment thereof and an antibody light chain or functional portion(s) thereof including a 
YH or fragment'thareof. 45. A method of selectively exerting a biological effect mediated through binding 
a target-Iigand on a selected sub-population of a population of cells bearing the tarset-ligand, the method 
comprising the step of exposing the cells to a multispecific Ugand comprising a first Ugand b hiding moiety 
which preferentially binds to a cell sub-population associated ligand and a second Ugand binding moiety 
which binds to the target ligand, said first Ugand moiety having an affinity tor the sub-population 
associated Ugand that is higher than the affinity of the second ligand binding moiety for the target ligand. 
46. A method according co paragraph 45, wherein the affiniry of said first Ugand binding moiety for the eeU 
sub-population associated Ugand is at least approximately, one, two, three, four, five, six, seven o r eight 
orders of magnitude greater than the affinity of said second Ugand binding moiety for said target Ugand. 47. 
A method according to paragraph 45, wherein said target ligand is a receptor or a receptor Hgand, 48, A 
method according to paragraph 45 wherein at least one of said first or second ligand binding moieties is an- 



llgands, In which one ligand has a broader distribution than the other or both have distributions that may 
overlap but are different fiom that of the target population. It wflt also be appreciated mat the invention has 
particular application to » situation in which at least one of the non-target Deputations (a one on which one 
of said first and second Uganda is substeniially represented (in contrast to one on which ft simply enjoys 
limited expression). 

* Contrasted to functional affinity which may result from avidity 
19 Contrasted to functional affinity which may result from avidity 

"The term "receptor Ugand" means a target ligand which is a Ugand fin- a receptor, for example, a receptor 
on a ceU or infectious agent or a receptor which circulates independently of another entity. 
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antigen bidding fragment 13 of an antibody. 49. A method of testing or controlling the biological effects of a 
ligand "binding molecule by circumscribing Hs ability to bind to a divert* population of cells bearing a 
complementary target ligand, said method comprising using said Ugand binding molecule together with a 
different ligand binding molecule which preferentially binds to another target ligand which fa exclusively 
or preferentially associated with one or more sub-population(s) of said population of cells, and wherein the 
biological effects of said ligand binding molecule axe controlled through prior association of said Hgand 
binding molecule with said other Ugand binding molecule to form a muMspeclflc ligand and through the 
affinity of at least one of said ligand binding molecules being pre-selected to limit the propensity of said 
ligand binding molecule to bind to cells within said population of cells which do not preforentialjy express 
said other target Ugand. 50 . A method according to paragraph 49. wherein the affinity of said ligand 
binding molecule for said complementary target ligand Is less than the affinity of the other ligand binding 
molecule for the other target ligand. SI. A method according to paragraph 49 or 50, wherein at least one of 
said first and second ligand binding molecules is an antibody*. 52. A method according to paragraph A9 
therein said first Ugand binding molecule is an entity which exerts a biologic effect and said second Ugand 
binding molecule is a multispecific Ugand comprising a first ligand binding moiety mat binds to a ceil sub- 
population associated ligand and a second ligand binding moiety which binds to said entity. 53. A method 
according to paragraph 52 wherein said second ligand hinging moiety is an antibody which binds to a pre- 
selected epitope on said entity and wherein the epitope of said second ligand binding moiety is selected on 
the basis of its proximity to a ligand binding portion of said entity such mat the entity when bound to said 
multifunctional ligand has an affinity fbr said Ugand which is less than the affinity of said firs t liga nd 
binding moiety for said coll sub-population associated ligand. 54. A multispecific ligand according to 
paragraph 12, wherein said second Ugand is a 1L-8 receptor, a CCR7 receptor, a FAS receptor, or a CXCR4 
receptor. 55. A tnulrJspcGlfto Ugand according to paragraph 6, wherein said marker is associated with an 
immune cell that is succeptibla to viral infection. 56. A multispecific ligand according to paragraph 55, 
wherein said marker is CD4. 57. A multispecific ligand according to paragraph 55 or 56, wherein said 
second ligand Is a CCR5 or CXCR4 receptor. 58. A multifunctional Ugand according to paragraph 52, 
wherein said entity is a biologic effector ligand. 59. A rmira'specific ligand according to paragraph 36, 
wherein the affinities of said first and second ligand binding moieties are both selected to limit tihetr 
faidrviduai ability to bind to the first and second Uganda, respectively, and wherein their contained 
functional affinity biases the distribution of the multfmnctional in favour of said target cell population. 60. 
An antibody which binds to an epitope on an entity which exerts a biologic effect via a binding interaction 
with a target Ugand, said epitope being proximal to the binding site of said entity for the target ligand, such 
that the art tib ody bound to me entity reduces the affinity of the entity for Us Ugand without precluding its 
functional binding activity vis-a-vis said ligand. 61. A mvldspecrfic Ugand comprising a first Ugand 
binding moiety which binds with a pre-selected affinity to a target entity associated Ugand and a second 
ligand binding moiety which binds with pre-selected affinity to an epitope on a biologic effector ligand 
which exerts a biologic effect via a binding interaction with a target Ugand , said epitope being proximal to 
the binding site of said biologic effector ligand fbr the target Ugand, such that the second Ugand moiety 
bound to the biologic effector ligand reduces the affinity of the molecule for the target ligand without 
precluding its functional binding activity vis-a-vis said Ugand and wherein said target ligand is present on a 
diverse population of entitles consisting of the target entity and one or more non-target entities and 
wherein the affinity of -the first Ugand binding moiety for the target entity associated ligand is greater than 
that of the biologic effector bgnnd fbr the target Ugand whan bound to second ligand molecule, and 
wherein the affinity of the first Ugand binding moiety is selected to bias the biodistribution of said biologic 
effector ligand in favour of the target entity relative to the non-target entities). 62. A multispecific Ugand 
according to paragraph 6 1, wherein first ligand binding moiety comprises a light chain linked to an 
antibody heavy chain portion comprising at least a VH, CHI domain, hinge region and preferably at least a 
truncated Fc portion and said second Ugand binding moiety comprises at least a VL linked to a heavy chain 
portion optionally through a disulfide bond 13 and wherein the heavy chain portion of said second ligand 
binding moiety is devoid of CHI domain, and comprises a hinge region and preferably at least a truncated 
Fc portion, and wherein said heavy chain portions are linked via their respective hinge regions and 
optionally wherein the respective hinge regions are wholly or partially substituted or supplemented by a 
another linkage pair 14 eg. a leucine zipper. 63 . A nmltispecifio ligand according to paragraph 12, wherein 

u The term "antigen binding fragment" refers to a polypeptide or a plurality of associated polypeptides 
comprising one or more portions of an antibody including at least one VH or VL or a functional ftaement 



thereof. 



11 For lacample of the disulfide stabilized type developed by the NCI 
14 eg.fo*Jun 
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said second ligand is a marker associated with a lymphatic endothelial coll. 64. A muMspeeific ligand 
comprising b first ligand binding moiery which preferentially bind* to a lymphatic endothelial cell 
associated marker and a second moJcty which exerts a biologic function", optionally a therapeutic function, 
optionally an immune function*, optionally at least one of an nrtmuni»ng function, atoleriang function, 
a neutralizing 17 function, an immune mediating function, and immune modulating function", tn relation* 
to an independent "entity, preferably within the lymphatic system. 65. A nniWspecific ilgand according to 
paragraph 62, wherein the marker is selected to limit the ability of said endothelial cell to internalize said 
rouitispeeifU; ligand. 66. A muitifunctxonal ligand having, at least, a first portion which binds to a 
lymphatic vessel associated ligand and a second portion comprising an immune function exerting moiety. 
67. A multifunctional ligand as defined in paragraph 66, wherein said first portion is an antibody. 68. A 
multifunctional ligand as defined in paragraph 66, wherein said immune function exerting moiety binds to a 
target ligand. 69. A multituncttonal ligand as defined in paragraph 67, wherein said immune function 
exerting moiety comprises an antibody. 70. A multifunctional ligand as defined in paragraph 68, wherein 
said hnrnune function exerting moiety comprises an antibody. 71. A muitlfenctlonal ligand as defined in 
paragraph 69, wherein said immune function exerting moiety binds to a Hgand selected form me group 
consisting of CCR5, CTXA-4, LFA-1, ICAM-1 , CD2, CD3, CD4, CD22, CD40, CD44; CD80, CD86, 
CD134 and CD154 72. A rrmttifunrtional ligand as defined tn paragraph 70, wherein said first portion 
binds to LYVB-1 or podoplantin. 73. A muUifrnctional ligand as defined in paragraph. 70, wherein said 
Immune function exerting moiety comprises an aniMdiotypie antibody. 74. A multifunctional ligand as 
defined in paxagraph 73, wherein said enti-idlotyplc antibody binds to an autoimmune antibody. 75. A 
muiriluncdonal ligand as defined in paragraph 73, wherein said anti-idiotypic antibody mimics a cell 
surface expressed tumor antigen or a viral antigen. 76. A multifunctional ligand as defined in paragraph 70, 
wherein said immune function exerting moiety binds to a diseased celt 77. A multifunctional ligand as 
defined tn paragraph 70, wherein said ranrnme function exerting moiety binds to an infectious agent or 
parasite. 78. A multifunctional ligand as defined in paragraph 76\ wherein said diseased cell is a cancer celL 

79. A multifunctional ligand as defined In paragraph 76, wherein said diseased cell is a virally infected ceil. 

80. A mnltirlmridonal ligand as defined in paragraph 68, wherein said immune function exerting moiety 
binds to an Immune cell. 81. A multlfuaetional ligand as defined in paragraph 69, 76 or 80 wherein said 
Immune function exerting moiety bhlds with greater functional affinity to its target ligand than said first 
portion binds to lis target ligand. 82. A multifunctional ligand as defined in paragraph 69, 76 or 80 wherein 
said immune function exerting moiety binds with greater affinity to its target ligand than said first portion 
binds to its target ligand. 83. A multifunctional ligand as defined in paragraph 69, 76 or 80, wherein said 
binds with greater avidity to its target ligand than said first portion binds to its target ligand. 84. A 
muhtfpjictional ligand as defined in paragraph 80, whereto immune coll is associated with an autoimmune 
reaction. 85. A multlfbnctional ligand as defined la paragraph 80, wherein said rhimvme cell is a CCR5- 
expresshtg cell. 86. A multifunctional ligand as defined in paragraph 78 or 80, wherein said second portion 
comprises an toemalizimi antibody and a cytotoxic component. 87. A multinational ligand as defined in 
paragraph 78 or 80, which is a bispccific antibody having a monovalent first portion and a monovalent 
second portion. 88. A rrndtifunctional ligand as defined in paragraph 78 or 80, which is a bispeclfic 
antibody having a divalent first portion and a divalent second portion. 89. A multifunctional ligand as 
defined In paragraph 78 or 80, which is a trlspcclfic antibody having a monovalent first portion and a 
second portion comprising a divalent immune function exerting moiety which binds to one or more target 
Uganda on a target diseased cell or hrtmune call and a monovalent anti-CD3 or antl-CD28 antibody. 90. A 
rnultifunctional ligand as defined in paragraph 78 or 80. which is a trivaleni trispeciflc antibody having a 

"The moiety that exerts a biologic iuncrion is understood to be a biologic effector in the sense that its 
intended interaction with an entity in the lymphatic system or elsewhere in the organism has a biological 
consequence. , ., . 

1S For example using a toxin or hnmunogen nised or conjugated to (or haviug a corresponding llgarul on 
the second binding moiety to which it binds) fco an antibody which recognir.es a lymphatic endothelial 
marker, for example an anthrax toxin fusion j . 
" Th© tern neutralizing is used broadly to refer to any interposition, interference or impediment winch 
affects the function of the target entity 

18 the terms modulating, mediating, neutralizing function etc. are not intended to be mutnlly exclusive and 
are each used broadly, for example the term modulating referring to effecting a change, and the te rm 
mediating preferably connoting an indirect effect achieved through the instrumentality of another entity, for 
example a cell, cytokine, chemoklnc etc.. . 
• le. an entity other man the lymphatic endothelial cell and other than any ceil to which the first moiety is 
anchored. 
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monovalent first portion and a second portion comprising a divalent hnmune function exerting moiety 
which binds to a target Ugand on a target diseased or Immune celL 91. A mnitifiincHonal ligand as defined 
in parayepn 78, -wherein said second portion coTDpriscs a cytokine component. 92. A multifunctional 
ligand as defined in paragraph 7a, wherein said second portion comprises a cytotoxic component- 93. A 
mum'tunctional ligand as defined tn paragraph 78, wherein said second portion comprises a iigand which is 
capable of binding to T cells. 94. A muWfunctional ligand as defined in paragraph 87, wherein said ligand 
is an ontibodly which binds to T cells. 95. A multifunctional ligand as denned in paragraph 78, wherein said 
second portion comprises an anu-CD3 antibody or anti-CD28 antibody. 96. A muJtf ftmetional ligend as 
defined in paragraph 67, wherein second portion is a cytokine component, 97. A muWflmctfoaal ligand as 
defined m paragraph 67, wherein second portion to an anti-CD3 antibody or an ami-CD2B antibody. 98. A 
xruiWfunctioxial ligand as defined in paragraph 13 , wherein said second portion further comprises one or 
more components selected from the group consisting of a cytokine component, a cytotoxic component and 
an anti-CD3/CD28 component 99. A multttuucttaial ligand as defined in paragraph 14, wherein said 
second portion further comprises one or more components selected from the group consisting of a cytokine 
component, a cytotoxic component end an anti-CD3/CD28 component. 100. A pharmaceutical composition 
comprising a muitifunctional Ugand as defined in rjaragraph 10T . A pharmaceutical composition 
comprising a plurality of different rnuitu^octional Uganda. 102. Apharrnaceutica! composition as defined 
in paragraph 101, wherein said plurality of different multifunctional Uganda exert a cooperative immune 
affect. 103. A phajinaceutical composition as defined in paragraph 101, wherein said plurality of different 
multifunctional Jigand* c ompr ise a multifunctional ligand as described in paragraph 76 and at least one or 
both of the multituncrionai Uganda described in paragraph 95 or 96. 104. A method of inhibiting .the 
formation of metastasis during the course of surgical removal of a tumor comprising arimmistermgto a 
patient prior to surgical treatment of the tumor site, a pharmacetical composition comprising a 
multifunctional ligand as described to paragraph 78. 105. An unmunocytokme comprising an anti-idiotyplc 
antibody which recognizes the paratope of an antibody which binds to a tynmhatic vessel associated ligand 
and a cytokine fused therewith or conjugated thereto. 1 06. An irnmunocytokine as defined in paragraph 
1 03, wherein said cytokine component comprises tt>2 or a functional fragment thereof and/or H>12 or a 
functional fragment thereof 1 07- An hnmunocytoldne as defined in paragraph 42, wherein said cytokine 
component comprises TNF-a or a furtctioTial fragment thereof. 108. A bispeclflc antibody comprising an 
ami-idtotypic antibody which recognizes the paratope Of an antibody which binds specifically to ft 
lymphatic vessel associated Ugand and an ami-CD3 antibody or an asti-CXtto antibody. 109. A 
multifunctional ligand according to paragraph 66 comprising out or more amino acids that are snbstituled 
for amino acids that contribute to an immunogenic epitope. 1 10. A multifunctional ligand having, at least, a 
first portion which binds to a lymphatic vessel associated ligand and a second portion comprising en 
independent therapeutic function exerting moiety. Ill- A bispecific ligand comprising a first ligand which 
binds to a first target Iigand and a second ligand which binds to a second target ligand. and wherein the 
affinity of said first ligand is selected to enable binding to the first target ligand mdependemfy of the ability 
of said second ligand to bind to the second target ligand and wherein the affinity of said second ligand is 
selected to substantially reduce the probability of its binding to the second target ligand without the first 
ligand binding first or substantially contemporaneously to the first target ligand. 1 12. A blspeclfxc antibody 
comprising a first arrtibody component which binds to a first larger ligand and a second antibody 
component which binds to a second target iigand, and wherein the affinity or avidity or both the affinity 
and avidity of said first antibody component are selected to enable binding to fho first target ligand 
independently of the ability of said second antibody component to bind to the second target ligand and 
wherein the avidity or affinity or both the affinity and avidity of said second ligand are selected to 
substantially reduce the probability of hs binding to mo second target Ugand without me first hgnndbmdmg 
first or substantially contemporaneously to the first target Ugand. 1 13. A multbpecific ligand comprising a 
first moiety which binds to a first target ligand and a second moiety which binds to a second target ligand, 
and wherein the affinity or avidity or bom the affjnxty and avidity of said first moiety are selected to enable 
the first moiety to bind to the first target ligand mo^endentry of toe ability of said second moiety to bind to 
the second target ligand and wherein the avidity or affinity or both the affinity and avidity of said second 
moiety are selected to substantially reduce the probability of ha binding to the second target ligand without 
the first moiety, first or substantially crartempoxaneOTsly, binding to the first torge^gand. 1 14. A 
multispecific ligand according to paragraph 1 13, wherein both moieties bind to mfferent target ligands on 
the same celt 113. A monospecific ligand comprising a first moiety which binds to a first target ligand and 
a second moiety which binds to a second target ligand, and wherein the nfTmityor avidity or both the 
affinity and avidity of said first moiety and the avidiry or affinity or both the affinity and avidity ofsaid 
second moiety are selected to siibsraiitialfy reduce the probability of either moiety binding for a sufficient 
duration or series of durations to its respective target Ugand to a accomplish a therapeutic function without 





CA 02397169 2002-08-13 



the other moiety, first or substantially contemporaneously, binding to lis respective target Ugand M6*-A 
mublspedfic Ugand comprisxng a first moiety which specifically bind* to a first target Ugand 00 a first 
entity and ^second moiety which specifically binds to a second target Ugand cm a second entity, and 
wherein the affinity or avidity or both the affinity and avidity of said first moiety are selected to enable the 
first moiety to bind to the first target iigand independently of the ability of said second moiety to bind to the 
second target Hgand and wherein the avidity or affin ity or both the affinity an d avidity of said second 
moiety are selected to enable the second moiety to bind to the second entity In preference to the first moiety 
binding to the first entity when bom first and second moieties are substantially contemnm ai wovsry bound 
to me respective first and second entities. 117. A multlspeciflc Ugand comprising a first moiety which 
specifically binds to a first target Iigand on a first entity and a second moiety which specifically binds to a 
second target Iigand on a second entity, and wherein the second entity binds to a third target Iigand, and 
wherein the affinity or avidity or both the affinity and avidity of said first moiety are selected to enable the 
first moiety to bind to the first target Iigand independently of file ability of said second moiety to bind to the 
second target Iigand and wherein the avidity or affinity or bom the affinity and avidity of said first moiety 
are selected to enable the first moiety to bind to ft e first entity in preference to the second moiety binding 
to the second entity when both first and second moieties are substantially contemporaneously bound to the 
respective first and second entities* and wherein me avidity or affinity or both the affinity and avidity of 
said second moiety are selected to enable tte third target Ugand to bind to the second entity m preference to 
the second moiety binding to the second entity when both said third target Ugand and the second moiety are 
substantially contemporaneously bound to the second entity. 118. A multlspeciflc Iigand comprising at least 
a first Iigand binding moiety which specifically binds to a first Iigand having a first biodistribution and a 
second Iigand binding moiety which specifically binds to a second Ugand having a second biodistribution, 
and wherein the affinity of the first and second Itgpnd binding moieties are different and selected to bias the 
biodistribution of the muLtispecfflc Iigand, and wherein the affinity of the first Ugand binding moiety for the 
first iigand is at least, appropriately, one order of magnitude greater than that of fixe second Iigand binding 
moiety for the second Ugand* The affinity of the first Iigand binding moiety for the first Iigand is optionally 
at least, approximately, two orders of magnitude greater than that of me second Iigand binding moiety for 
the second Ugand. The affinity of the first Iigand binding moiety for me first Ugand is optionally at least, 
approximately, three orders of magnitude greater than mat of the second Iigand binding moiety tor the 
second Iigand. The affinity of the first Ugand binding moiety for me first Ugand is optionally at least; 
approximately, four orders of magnitude greater than mat of the second Ugand binding moiety tor the 
second Ugand. The affinity of the first Iigand binding moiety for the first Ugand is optionally at least, 
approximately, five orders of magnitude greater than thnt of the second Iigand binding moiety for me 
second HganrLThe affinity of the first Iigand binding moiety for the first Ugand is optionally at least, 
approximately, six orders of magnitude greater man mat of the second Iigand binding moiety for the second 
iigand. The afi&iity of the first lignnd binding moiety for the first Ugand is optionally at least, 
approximately, seven orders ofro&gr&uda greater than chat of the second Ugand binding moiety nor the 
second Iigand The affinity of the first iigand binding moiety for the first Iigand is optionally at least, 
approximately, eight orders of magmtuds greater than mat of the second Iigand binding moiety for the 
seeend Ugand. 1 19. A multispeeifio Ugand according to paragraph 118, wherein the first Ugand 2ft present 
on a first target ccU population and wherein said second iigand is present on a second target cell population 
comprising the first target cell population and wherein the biodistribution of the muffispecifsc iigand 
favour* the first target cell population. 120. A multispeclfic Ugand according to paragraph 1 1 &, wherein 
said muhispeeific Iigand is capable of cont eiupu i au eousry binding me first and second Ugands on said 
target population. 121. A host cell or cell free expression medium comprising one or more polymioleotidea, 
said one or more polynucleotides comprising one or more DNA sequences, said one or more DMA 
sequences comprising one or more polypeptides which are sufficient to constitute a nwltispecific Ugand as 
defined in any of the preceding paragraphs . 122. A kit cmnprlsiug one or more polynucleotides, said one or 
more polynucleotides comprising one or more DMA sequences, said one or more DMA sequences encoding 
one or more polypeptides which are sufficient to constitute a multlspeciflc Ugand as defined in any of the 
preceding paragraphs. 123. A liquid medium comprising conrpf lslng one or more polypeptides which are 
suffieemt to constitute a multtSpecifie Iigand as defined in any of the preceding paragraphs. 124. A liquid 
medium comprising one or more host cells, said one or more host cells comprising one or more 
polynucleotides, said one or more polynucleotides comprising one or more DNA sequences, said one or 
more DMA sequences encoding one or more polypeptides which are sufficeint to constitute a multispeclfic 
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according to paragraph 125, wherein said polynucleotide Is a substantially isolated expression or cloning 
vector. 127. A method of making a multt specific iigand as defined in any of Che preceding paragraphs 
comprising expressing at least one polynucleotide as defined in paragraph 122 or 12$. 128. A 
pharmaceutical composition comprising a muttispecifio Iigand as defined in any of the preceding 
paragraphs md a pharniaccuticnlry acceptable excipient 129. A therapeutic composition comprising a 
multispecific Iigand as defined in any of the preceding paragraphs and a pharraaceuticaTry acceptable 
excipient 130. A method of treating a disease m a mammal comprising administering a therapeutically 
effective amount of a multispecific Iigand according to any of me preceding claims. 131. Akil comprising 
a plurality of different multispecific ligaixds as defined herein* 

Notwithstanding any indication to the contrary, ft will be appreciated that the references herein cited have 
application to multiple different subject* and any qualifying remarks as to the applicability of the references 
la to be understand as relating to each of the subjects for which references are herein provided* as limited 
only by the tide and subject matter of the reference. 

All publications and Deferences therein cited are herein incorporated by reference to the same extent as if 
each of tbe individual publications were specifically and Individually Indicated to ba incorporated by 
reference In its entirety. 
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Claims 

1. A composition comprising amuftutpcctfic ligand comprising at least a first ligand binding moiety 
which specifically binds to a first ligand having a first biodistfltatton and a second llgand binding moidy 
which ipecificaUy binds to a second ligand having a sotond biodistribudoa different from that of the first 
ligand, and wherein the affinity of the first and second ligand binding moieties are different and selected to 
bias the biodistribution of mo muitispecifie lisaud. 

2. The composition according to claim 1. ftartner comprising a physiologically acceptable excipient 

3. The composition according to claim 2, wherein the multispeeific ligand comprises a 
bispecifie antibody. 

4. The composition according to claim 3, wherein the affinity of said first ligand binding 
moiety tor me first ligand is higher than the affinity of the second ligand binding moiety for the second 
ligand and wherein the biodistribatlon of the muhispeclfio ligand favours the first ligand. 

5. The composition according to claim 4, wherein the first and second ligands have 
overlapping biodistribution s. 

6. The composition according to claim 5, wherein the first ligand is present on a first target 
cell population and wherein said second ligand is present on a second target cell population comprising the 
first target cell papulation and wherein die bioditfriburion of the multispeeific ligand favours the first target 
cell population. 

7. The composition according to claim 1 or 3, wherein said first ligand is a cell surface 
marker associated with one or more specific cell populations, Infectious or paras iria agents, diseased cells, 
or disease-associated calls. 

8. The composition according to claim 7, wherein said marker is an antigen. 

9. The composition excordmg to claim 7, wherein said marker is an epitope. 

10. The composition according to clafm 7, wherein said marker is a CD marker, 

1 1. The composition according to claim 10, wherein said marker is CD4, 

12. The composition according to claim 7, wherein said marker is specifically associated 
with a cancer cell or precancerous cell. 

13. The composition according to claim 1 1 or 12, wherein said second ligand is a CCR5 or 
CXCR4 receptor. 

Mfc The composition according to clmm 7, wherein said marker is associated with an Immune 
cell that is susceptible to viral Infection. 

15. The composition according to claim 7, wherein said marker is specifically associated 
with an autoimmune disorder or rheumatic disease. 

1 6. The composition according to claim 7, wherein said marker is associated with a specific 
tinsuo type. 

1 7. The composition according to claim 7, wherein said marker is associated with a specific 

organ. 

18. The composition according to claim 7, wherein said marker is associated with 4 cell or 
tissue of specific origin or class. 

19. The composition according to claim 7, wherein said marker is an MHC-peptide complex. 

20. The composition according to claim 7, wherein said marker is a celt surface 
immunoglobulin. 

21 . The composition according to claim 6 or 7, wherein said second ligand Is a call surface 
receptor, a fomfly of cell surface receptors or one or more particular cell surface receptor farairy members. 

22. The composition according to claim 21, wherein said second ligand is a cell surface 

receptor. 

23. The composition according to claim 22, wherein said second ligand is a marker 
associated with a lymphatic endothelial cell. 

24. The composition according to claim 22, wherein said second ligand is a cell surface 
receptor is selected from the group consisting of tyrosine kinase type receptors, serine kinase type 
receptors, hetarotrimerio G-protein coupled receptors, receptors bound to tyrosine kinase, TNF family 
receptors, notch family receptors, gunny late cyclase types, tyrosine phosphatase types, decoy receptors, and 
adhesion receptors. 

25. The composition according to claim 22, wherein said second ligand is an IL-8 receptor, a 
CCR7 receptor, a FAS receptor, or a CXCR4 receptor. 

26. The composition according to claim 22, wherein said receptor requires cms-linking for 
biological activity, 
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27. The composition according to claim 22, wherein binding of said second ligand binding 
moiety to said cell surface receptor blocks said receptor. 

28. The composition d according to claim 22, wherein binding of said second Ugand binding 
moiety to said cell surface receptor activates said receptor. 

29- The composition according to claim 22, wherein said cell surface receptor Initiates a 
signal transduction and wherein binding of said second Ugand binding moiety to said ceB surface receptor 
effects a signal transduction. 

30. The composition nrrtmting to claim 6, 7 or 22, wherein said antibody comprises a first 
VH which specifically recognizes said first ligand and a second VH which specifically recognizes said 
second ligand. 

3 1 . The composition according to claim 30, wherein at least one of said first and second VHe 
require a VL for binding to its ligand. 

32. The composition according to claim 3 1, comprising a firat VL in functional association 
with said first VH and a second VL in functional association with said second VH and wherein both said 
first and second functional associations are required for binding to the first and second Uganda 
respectively, and wherein said first and second VLs are the same or functionally interchangeable. 

33. The composition according to chum 3 1 or 32, wherein said antibody Is a four chain 
antibody. 

34. The composition according Co claim 33, wherein said antibody is a ininibody or antibody 
lacking a CHS domain. 

35. The ccmposttion according to claim 33, wherein said antibody is a dlabody. 

3 6. The composition according to claim 3 1 or 32, wherein said antibody lacks antibody light 

chains. 

37. The composition according to claim 32, wherein said antibody comprises a pair of 
disulfide Jinked heavy chains or heavy chain portions each comprising at least a Vrf region, a hinge region 
and at least a portion of an Fc region at the carboxy terminus of the binge region. 

38. The composition according to claim 37, wherein said bispecific antibody comprises a pair 
ofVHs linked through a flexible linker. 

39. The composition according to claim 4, 6, 7 or 22 wherein me affinity of the first ligand 
binding moidy for the first ligand Is at least approximately, one, two, three, tour, five, six, seven or eight 
orders of magnitude greater than the affinity of said second ligand binding moiety tor the second Ugand. 

40. A composition comprising a mnltispecific ligand comprising a first Ugand binding moiety 
which specifically binds with a ore-selected first affinity to a first ligand having a first biodiambution and a 
second ligand binding moiety which specifically binds with a pro-selected affinity to a second ligand 
having a second biodistributlon, and wherein the affinity of first and second ligand binding moieties are 
selected to bias the biodistributtan of the muliispecifio ligand. 

41. The composition according to claim 40, further comprising a physiologically acceptable 
exetpient. 

42. The composition according to claim 1 or 40, wherein the biodistributions of said first and 
second ligands overlap and wherein die affinities of mo first and second ligand binding moieties are 
selected to bias the bio distribution of the multfrpeeifie ligand in favour of a target eel) population on which 
both first and second biodistrlbutions occur relative to one or more non-target cell populations. 

43. The composition according to claim 42, wherein the affinities of said first and second 
ligand binding moieties arc both selected to limit their individual ability to bind to the first and second 
ligands, respectively, and wherein their combined functional affinity biases the distribution of the 
mulrJspccific ligand towards said target cell population. 

44. The composition according to claim 42, wherein the affinity of first Ugand binding 
moiety for the first Ugand is at least, approximately, one, two, three, four, fivo ft six* seven ox eight orders of 
magnitude greater than the affinity of the second Ugand binding moiety for the second Ugand. 

45. The composition according to claim 42 or 44, wherein first and second ligands arc 
recognized cmitemporancousry by the first and second hgand binding moieties. 

46. A composition comprising a rnuhlspecific Ugand which specifically binds to a target 
Ugand on a selected sub-population of a heterogeneous ceU population bearing the target Ugand, the 
rauitlspeciflc Ugand comprising a first ligand binding moiety which specifically binds to a cell sub- 
populatioa associated Ugand and a second Hgand binding moiety which binds to the target Ugand, said first 
ligand binding moiety having an affinity for the sub-population associated ligand that is higher than the 
affinity of die second ligand binding moiety for flie target Ugand. 

47. The composition according to claim 46, further comprising a physiologically acceptable 
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43. Hie composition according to claim 46, wherein the affinity of said first lkand binding 
moiety for tho cell rab-population associated ligand is approximately, one. two, three, four, five, six, seven 
or eight orders of magnitude greater thm the affinity of said second ligand binding moiety for said target 
ligand. 

49. The composition according lo claim 48, wherein said target ligand is n receptor. 

50. The composition according to claim 46, wherein at least one of said first or second ligand 
binding moieties comprises an antibody heavy chain or functional portion(s) thereof including a VH or 
fragment thereof and an antibody light chain or functional portions) thereof tnctuding a VH or fragment 
thereof. 

51. A composition comprising an antibody which specifically binds to an epitope on a ligand 
wherein said ligand exerts a biologic effect by binding to a target site on a target ligand through an affinity 
for said target ligand. said epitope being proximal to die binding site of said ligand for the target ligand, 
such that die antibody reduces but does not prevent the affinity of the ligand for its target ligand. 

52. Hie composition according to claim S I, further comprising a physiologically acceptable 
excipienx. 

53. A composition comprising a multispecifle ligand comprising a first ligand binding moiety 
which specifically binds to a lymphatic endothelial cell associated marker and a second moiety comprising 
a therapeutic moiety. 

54. The composition according to claim 5 3, further comprising a physio logically acceptable 
excipient. 

55. The composition according to claim 53, wherein the therapeutic moiety provides an 
immune function. 

56. The composition according to claim 53, wherein the marker is selected to limit die ability 
of said endothelial cell to Internalize said muhispeoific ligand. 

57. The composition according to claim 53, wherein said first portion is an antibody. 

58. The composition according to claim 54, wherein said second portion moiery binds to a 
target tigand. 

59. The composition according to claim 53, wherein said therapeutic moiety comprises an 
antibody moiety. 

60. The composition according to claim 53. wherein said ligand is selected from the group 
consisting of CCR5, CTLA-4, LFA-1, ICAM-1, CD2, GD3, CD4, CD22. CD40. CD44; CD*0, CD86, 
CD134 andCDl54. 

61. The composition according to claim 53, wherein said first portion binds to LYVE-1 or 
podopiantin. 

62. The composition according to claim 53, wherein said second portion comprises an ami- 
idiotypic antibody. 

63 . The composition according to claim 62, wherein said annVidiotypic antibody binds to an 
autoimmune antibody- 

64. The composition according to claim 63, wherein said anti-idiotypic antibody mimics a 
ceil surface expressed tumour antigen. 

65. The composition according to claim 53, wherein said second portion binds to a diseased 

cell. 

66. The composition according to claim 65, wherein said diseased cell is a cancer cell. 

67. The composition according to claim 53, wherein said second portion binds to an 
infectious agent or parasite. 

68. The composition according to claim 67, wherein said diseased cell is a viralry infected 

cell. 

69. The composition according to claim 53, wherein said second portion binds to a cell of tho 
immune system. 

70. The composition according to claim 69, wherein immune cell is associated with an 

71 . The composition according to claim 69, wherein said immune cell is a CGR5-expTessing 

cell 

72. The composition according to claim 64 or 69, wherein said second portion binds with 
greater -functional affinity to its target ligand than said first portion binds to its target ligand. 

73. The composition according to claim. 64 or 69, wbenem said second portion binds with 
greater affinity to Irs target ligand than said first portion binds to its target ligand. 

74. The composition according to claim S3, wherein said second portion binds with greater 
avidity to its target ligand man said first portion binds to its target ligand. 
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75. The composition according to claim 53, 'wherein said second portion comprises an 
internalizing antibody and a cytotoxic component. 

76. The composition according to claim S3, wnerero said xnolf (specific ligand is a blspecific 
antibody having a monovalent first portion and a monovalent second portion. 

77. The composition according to claim 53, wherein said multispecltfc Kgand is 8 blspecific 
antibody having a divalent first portion and a divalent second portion. 

78. The composition according to claim 53, wherein said muiiispecific ligand is a trlspeeific 
antibody having a monovalent first portion and a second portion comprising a divalent immune function 
exerting moiety which binds to one or more target Uganda on a target diseased cell or fanmuna cell and a 
monovalent anti-CD3 or anri-CD2& antibody. 

79. The composition according to claim 53, wherein said nwmspacific ligand is a trivalcnt 
trjspecific antibody having a monovalent first portion and a second portion comprising a monovalent 
Immune function exerting moiety which binds to a target ligand on a target diseased or immune cell and a 
monovalent anti«CD3 or anti-CD28 antibody. 

80. The composition according to claim S3, wherein said muldspecific ligand Is a trivalenl 
nispecific antibody having a monovalent rmt portion and a second portion comprising a divalent immune 
function exerting moiety which binds to a target ligand on a target dis eased or immune cell. 

8 1 . The composition according to claim 53, wherein said second portion comprise a cytokine 
component* 

82. The composition according to claim 53, wherein said second portion comprises a 
cytotoxic component. 

83. the composition according to claim 53, wherein said second portion comprises a ligand 
capable of binding to t cells. 

84. The composition according to claim 83, wherein said ligand is an antibody which binds 
toTcells. 

85. The composition according to claim 53, wherein said second portion comprises an anti- 
CD3 antibody or nmi-CD28 antibody. 

86. The composition according to claim 53, wherein second portion is a cytokine component. 

87. The composition according to claim 53, wherein second portion is an anti-C03 antibody 
or an and-CD28 luxtibody. 

88. The composition according to claim 53, wherein said second portion further comprises 
one or more components selected from the group consisting of a cytokine component, a cytotoxic 
component and an anti-CD3/CD28 component. 

89. A composition comprising an mimunocytoldne having an antl-idiotypic antibody 
component which recognizes the paratope Of on antibody which binds to a lymphatic vessel associated 
hgand and a cytokine component. 

90. The composition according to claim 89, wherein the cytokine component is fused with or 
conjugated to the lymphatic vessel associated Hgand. 

91. An inrniunocytokme as claimed in claim 89, wherein said cytokine component comprise* 
U>2 or a flirted onal fragment thereof and/or LL-12 or a functional fragment thereof! 

92. An Irrnmmocytokine as claimed in claim 89, wherein said cytokine component comprises 
TNF-oc or a functional fragment thereof 

93. A composition comprising a blspecific antibody having an anti-ldJotyplc antibody 
component which recognizes the paratope of an antibody which binds specifically to a lymphatic vessel 
associated ligand and an sntl-CD3 antibody or an antl-CD28 antibody component. 

94. The composition according to claim 90 or 91, wherein said anti-idioiypic antibody 
component has a lower functional affinity tor the paratope of the antibody which binds specifically to the 
lymphatic vessel associated ligand than die latter antibody has for the lymphatic vessel associated ligand. 

95. A composition comprising a blspecific Hgand comprising a first ligand which binds to a 
first target ligand and a second ligand which binds to a second target ligand, and wherein the affinity of 
said first ligand is selected to enable binding to the first target ligand independently of the ability of said 
second ligand to bind to the second target ligand and wherein me affinity of said second ligand Is selected 
to substantially reduce the probability of its binding in die second target hgand without the first 1 igand 
binding first or substantially com^eroporancousry to the frrat target ligand. 

9o\ A composition comprising a bispeclflc antibody comprising a first antibody component 
which binds to a first target Hgand and a second antibody component whfeh binds to a second target ligand, 
and wherein the affinity or avidity or both the affinity and avidity of said first antibody component are 
selected to enable binding to the first target ligand independently of the ability of said second antibody 
component to bind to the second target ligand and wherein the avidity or affinity or both the affinity and 
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avidity of said second ligand are selected to substantially reduce the probability of Its binding 10 the second 
target ilgsrnd without fiie first ligand binding first or substantially contemporaneously ro file first larger 
Ugand. 

97. A composition comprising a multl specific ligand comprising a first moiety which binds 
to a first target Ugand and a second moiety which binds to a second target ligand, and wherein the affinity 
or avidity or both the affinity and avidity of said first moiety are selected to enable die first moiety to bind 
to the first target ligand independently of the ability of said second moiety to bind to the second target 
tigand and vduuaiu the avidity or affinity or both the affinity and avidity of said second moiety are selected 
to substantially reduce the probability of its binding to the second target ligand without the first moiety w 
first or substantially contemporaneously, binding to the fust target ligand. 

98. The composition according to claim 97, wherein both moieties bind to d liferent target 
ligands on the same cell 

99. A composition comprising a mum'specific ligand comprising a first moiety which binds 
to a first target ligand and a second moiety which binds to a second target ligand, and wherein the affinity 
or avidity or both the affinity and avidity of said first moiety are selected to enable the first maitty to bind 
to the first target Ugand independently of the ability of said second moiety ro bind to the second targes; 
ligand and wherein the avidity or affinity or both the affinity and avidity of said second moiety are selected 
to substantially reduce the probability of either moiety binding for a sufficient duration or series of 
durations to its respective target ligand to accomplish a meropcutic function without the other moiety, first 
or substantially contemporaneously, binding to its respective target ligand. 

100* The composition according to claim 99, wherein both moieties bind to different target 
ligands on the samecelL 

1 01. A composition comprising a muiospecifrc ligand comprising a first moiety which binds 
to a first target ligand and a second moiety which binds to a second target ligand. and wherein the affinity 
or avidity or both the affinity and avidity of said first moiety are selected to enable the first moiety to bind 
to the first target ligand independently of the ability of said second moiety to bind to the second target 
ligand and wherein the avidity or affinity or both the affinity and avidity of said second moiety are selected 
to enable the second moiety to bind to the second entity in preference to the first moiety binding to the first 
entity when both first and second moieties are substantially contemporaneously bound to the respect£v«r 
first and second entities. 

102. The composition according to claim 101, wherein the first moiety comprises at leant one 
antibody component which binds to a first cell and the second moiety comprises at least one antibody 
component which binds to a second different celL 

1 03 . A composition comprising a multispeoifio ligand comprising a first moiety which binds 
to a first target ligand and a second moiety which binds to a second target ligand, and wherein die affinity 
or avidity or both the affinity and avidity of said first moiety are selected to enable the first moiety to bind 
to the first target ligand independently of the ability of said second moiety to bind to the second target 
ligand end wherein die avidity or affinity or both the affinity and avidity of said second moiety to bind to 
the second target ligand and wherein the avidity or affinity or both the affinity and avidity of said first 
moiety are selected to enable the first moiety to bind to me first entity in preference to the second moierty 
binding to die second entity when both first and second moieties are substantially contemporaneously 
bound to tho respective first and second entities, and wherein the avidity or affinity or both the affinity and 
avidity of said second moiety axe selected to enable the mini target ligand to bind to the second entity m 
preference to the second moiety binding to the second entity when both said third target ligand and the 
second moiety are substantially contemporaneously bound to the second entity* 

1 04. A composition comprising a muUimerifie Ugand comprising at least a first Ugand binding 
moiety which specifically binds with a pro-selected first affinity to at least a first ligand having a first 
biodlstributioti and a second ligand binding moiety which specifically binds with a preselected affinity to 
at least a second ligand having a second biodistrfcutlcu, and wherein the affinity of first and second il^npd 
binding moieties ate selected to bias the biodistribution of the muMspecific ligand in favour of a selected 
location of one or bom of the ligands- 

105. A composition comprising a inultispecific Ugand cornprbiag at least a first ligand binding 
moiety which specifically binds to a first ligand having a first blodistributkra and a second ligand binding 
moiety which specifically binds to a second ligand having a second faiodlsnibution, and wherein the affinity 
of the first and second Ugand binding moieties are different and selected to bias the biodistribution of the 
multi specific Ugand, and wherein the affinity of the first ligand binding moiety for the first Ugand is at 
least, approximately, one order of magnitude greater man mat of the second ligand binding moiety far rite 
second ligand. 
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106. A composition comprising a imiftlspeciflc ligand comprising at lean a ffnt ligand binding 
moiety which specifically hinds to a first ligand having a first biodistributioa and a second ligand binding 
moiety which specifically binds to a second ligand having a second btodtstribution, and wherein the affinity 
of the first and second ligand binding moieties are difierent and selected to bias the biodistribution of Hie 
mnltf specific ligand, and wherein the affinity of the first ligand binding moiety for the first ligand is at 
least, approximately, two orders of magnitude greater than that of the second ligand binding moiety for the 
second figend. 

107. A composition comprising a nwltlspeciflc ligand comprising at (east a first ligand binding 
moiety which specifically binds to a first ligand having a first bio distribution and a second ligand binding 
moiety which specifically binds to a second ligand having a second bioolstribtrtion, and wherein the affinhy 
of the first and second ligand binding moieties are different end selected to bias the bfodfetribution of the 
multispeolflo ligand, and wherein die affinity of the first ligand binding moiety for the first ligand is at 
least, approximately, three orders of magnitude greater than thai of the second ligand binding moleiy for 
the second ligand. 

108. A composition comprising a nmttispeciflc ligand comprising at least a first ligand binding 
moiety which specifically binds to a first ligand having a first biodishiburJon and a second ligand binding 
moiety which specifically binds to a second Ugand having a second biodistrlbuticm, and wherein die affinity 
Of the first and second ligand binding moieties are different and selected to bias the biodistributioa of the 
multispecifie ligand, end wherein the affinity of the first ligand binding moiety for the first ligand is at 
least, approximately, four orders of magnitude greater than that of the second ligand binding moiety for the 
second ligand, 

109. A composition comprising a inuldmedflc ligand comprising at least a first ligand binding 
moiety which specifically binds to a first ligand having a first biodistributioa and a second ligand binding 
moiety which specifically binds to a second ligand having a second blodistributton, end wherein the affinity 
of the first and second ligand binding moieties are different and selected to bias the biodlstributian of the 
raurtispectflc ligand, and wherein the affinity of the first ligand binding moiety for the first ligand is at 
least, approximately, five orders of magnitude greater than that of the second ligand binding moiety for the 
second ligand* 

1 10. A composition comprising a mnltispeeific ligand comprising at least a first ligand binding 
moiety which specifically binds to a first ligand having a first biodistributcon and a second ligand binding 
moiety which specifically binds to a second ligand having a second ^'^distribution, and wherein the affinity 
of the first and second ligand binding moieties are different and selected to bias me biodistribuzlon of the 
multispecifie ligand, and where m the affinity of the first ligand binding moiety for the first ligand is at 
least, approximately, she orders of magnitude greater than mat of the second ligand binding moiety tor the 
second ligand. 

111. A composition according to any one of claims 1 05 to 110, wherein the Redistributions of 
said first and second ligands comprise a target population of cells and at least one non-target population of 
cells and wherein said first and second ligands are present only on said target population end wherein the 
biodistribution of the multispecifie ligand is biased in favor of the target pomilation of cells. 

112. A composition according to claim III, wherein said multbpecific ligand is adapted to 
bind to two ligands on the same cell. 

1 13. A composition according to claim 112, wherein said multispeoific ligand comprises at least 
two mil length heavy chains or heavy chain fragments having differing specificities, or is chosen from a 
F(ab'>2, a minibody, a diabody, a four chain bnmunoglobulin having a truncated Fc portion, a tetravalent 
antibody having a ftur chain framework and a divalent Fob. 

1 14. A host cell or cell free expression medium comprising one or more polynucleotides, said one 
or more polynucleotides comprising one or more PNA sequences, said one or more DMA sequences 
comprising one or more polypeptides which are sufficient to constitute a multispeoific ligand aa defined in 
any of the preceding claims 

US. A kit comprising one or more polynucleotides, said one or more polynucleotides comprising 
one or more DNA sequences, said one or more DNA sequences encoding one or more polypeptides which 
are sufficient to constitute a multispecifie ligand as defined in any of the preceding claims. 

1 16. A liquid medium comprising comprising one or more polypeptides which are sufficient to 
constitute a murtispeclflc ligand as defined in any of the preceding claims. 

1 1 7. A liquid medium comprising one or more host cells, said one or mora host cells comprising 
one or more porynucleotidos, said one or more polynucleotides comprising one or more DNA sequencer 
said one or more DNA sequences encoding one or mere polypeptides which are sufficient to constitute a 
multispecifie ligand as defined in any of the preceding claims. 
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118. A substantially isolated polynucetotlde comprising one or more DNA sequences, said , said 
one or more DNA sequences encoding one or more polypeptides which are sufficient to constitute a 
muWspecific ligand as defined tn any of me preceding claims 

1 19. A substantially Isolated pclymiceotide comprising a DMA sequence encoding a polypeptide 
portion of a second ligand binding moiety as defined in any of the preceding claims, said polypeptide 
portion comprising aVHor VL, said second ligand binding moiety having a low affinity for said second 
ligand. 

120. A substantially Isolated polynucleotide according to paragraph 119, wherein said 
polynucleotide is a substantially isolated expression or cloning vector. 

121. A method of making a muWspecific ligand as defined In any of the preceding paragraphs ' 
cojnprising expressing at least one polynucleotide as defined in claim 1 15, 118, 1 19 or 120. 

122. A pharmaceutical composition comprising a mulhspecific ligand as defined in any of the 
preceding claims and a pharmaceutical )y acceptable excipienx. . 

123. A therapeutic composition comprising a multi^eeirte ligand as defined in any of the 
preceding paragraphs and a phannaceutically acceptable excipleat 

124. A method of treating a disease In a mammal comprising administering a therapeutically 
effective amount of a muttispecific ligand according to any of the preceding claims. 

125. A kit comprising a plurality of different multfrpeciflc Ugands as defined herein* 

126. A composition according to claim 1, 111 or 112, wherein at least one of said first and second 
ligand binding moieties comprises human sequences. 

127. A composition according to claim 1 or 111, wherein at least one of said nrst and second 
Ivgand binding moieties comprises human framework sequences, 

128. A combinatorial library comprising a diverse population of imildspeclfic ligand? accenting to 
claim 1, 111 or 112, characterized by members of said population having a diversity of affinities for at 
least one of said first and second iigands. 

129. A diverse population of nucleic acids which encode a combinatorial library as defined in 

claim 28. 
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